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CHAPTER I. INTRODUCTION 
Background 
Scientists, science educators, government leaders, and the general public 
have expressed concerns regarding the quality of science education in the 
United States. In his first budget recommendation to Congress, President George 
Bush called for major improvements in the nation's educational system and 
stressed the need to make the United States number one in science and 
mathematics (Cordes and Wilson, 1989). The National Governors Association in 
February 1990 adopted "U. S. students will be first in the world in mathematics 
and science achievement" as one of their national education goals to be reached 
by the year 2000 (Bartusek, 1990, p. 1). Seventy-six percent of the adults 
polled in the 22nd Annual Poll of the Public's Attitudes Toward the Public 
Schools rated this national education goal as being "very high " or "high" priority 
(Elam, 1990). Alper (1989) interviewed Dr. Maxine Singer, president of the 
Carnegie Institution of Washington, who stated that the problem with education 
in general, and math and science in particular, is the most important issue 
facing the United States. Singer declared that the decline in science education 
begins very early, somewhere between the third and fifth grades, when 
students lose interest in science and almost universally mention that the 
teaching was boring or not good. 
The world's leading general scientific society, the American Association 
for the Advancement of Science (AAAS), in Project 2061 : Science 
For All Americans (1989) declared: 
Scientific literacy... has emerged as a central goal of education. Yet 
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the fact is that general scientific literacy eludes us in the United 
States. A cascade of recent studies has made it abundantly clear that 
by both national standards and world norms, U. S. education is failing 
too many students-and hence failing the nation. By all accounts, 
America has no more urgent priority than the reform of education in 
science, mathematics, and technology (p.3). 
Former United States Secretary of Education, Lauro E. Cavazos (1988) 
delivered a speech where he enumerated five problems he felt were associated 
with mathematics and science education; 1 ) time, 2) curriculum, 
3) instruction, 4) textbooks, and 5) teachers. With regard to elementary 
teachers. Secretary Cavazos questioned their science preparation: 
Many elementary teachers say they're uncomfortable teaching science 
. and math. For good reason. While in college, many elementary 
teachers take only one or two courses - if any - in math or science. 
Can you imagine trying to excite students about a subject about which 
you yourself know little? (p. 2) 
Anderson and Smith (1987) reported that the increasing attention science 
education has received over the past few years has tended to focus on two 
related issues. The first is the need to know more science as it relates to career, 
academic, personal, and social issues. Concerns such as exercising judgement as 
responsible citizens, protecting our health, coping with the increasing role of 
technology in our daily lives, and preparing and competing for jobs are 
examples where increased scientific knowledge has the potential to improve an 
individual's life. The second issue is the perception that as a nation we actually 
know less science than we used to. Cited as indicators that our schools are 
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failing to prepare students for current or future needs are declines in 
standardized test scores, unfavorable comparisons between American students 
and those of other nations, and the lack of preparedness of individuals or 
groups of students. Interpretations of declines in American students' 
standardized test scores and international comparisons are being critically 
examined to determine if the conclusions that have been reached are sound. 
Anderson and Smith (1987) stated the following; 
We will begin by describing three major areas of concern that are 
shared by science teachers, science educators, and the general public: 
( 1 ) How well are our students learning science? (2) How competent 
and well prepared are our science teachers? (3) How can we best 
improve science teaching in our schools? (p. 84) 
. Anderson and Smith (1987) later specifically addressed the issue of 
elementary science teacher preparation when they reported: 
At the elementary level, where few teachers have science majors or 
minors, only 22% of the teachers judge themselves adequately 
prepared to teach science. In contrast, 67% judge themselves 
adequately prepared to teach reading (Weiss, 1978: National Research 
Council. 1979). (p. 91) 
The Triangle Coalition for Science and Technology Education (1988) 
reported results from teacher self-assessments that reveal data that, after the 
passage of nearly ten years, are similar to that reported by Weiss (1978) with 
regard to the teaching of science at the elementary level: 
While 82% of grade K-6 teachers feel well qualified to teach reading, 
and 67% to teach mathematics, only 27% believe they are well 
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qualified to teach life science and even fewer to teach physical or 
earth/space science (15% in each case), (p. 5) 
This report also declared that, "A priority effort must be given to reform of pre-
and in-service education to bring elementary teaching in science and technology 
to a satisfactory level of competence" (p. 2). The elementary grades are 
identified as "pivotal grade levels" because "Deficiencies in science and 
technology education are most serious at the elementary level. The filtering off 
of minority students and women begins at this level. If only for this reason, 
resources for change must be concentrated here" (p. 3). 
Spector (1987a) wrote that effective elementary science programs and 
effective elementary science teachers are the keys to developing appropriate 
attitudes and skills in students. She stated, "It is easier to prepare teachers 
properly than it is to provide remediation once they have been certified and are 
teaching" (p. 5). 
Johnson (1983) summarized earlier work regarding the role of 
elementary science education in the elementary school curriculum when he 
reported, ".,. there is evidence that science is a low priority in the elementary 
school classroom ..(p. 7). 
In summary, U. S. government leaders, scientists, science educators, and 
citizens in general have expressed their concern about the quality of science 
education students receive in the U. S. and have placed a priority on reforming 
and improving scientific and technical education. It has been suggested that 
problems in science education begin at the elementary school level and for this 
reason, at least one organization, has designated the elementary grades as being 
pivotal in the science education reform movement. The competence and 
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preparation of science teachers has been questioned and elementary science 
teachers, themselves, have questioned the adequacy of their preparation. 
Statement of the Problem 
Clearly, the science content preparation of elementary education majors is 
an issue that is reflected in the desire to improve science education in the 
United States and, more specifically, science education at the elementary school 
level. Elementary teachers are deemed adequately prepared to teach 
elementary science if they have taken the designated combination of courses 
from their undergraduate colleges or universities. Iowa State University (ISU) 
Elementary Education Department requirements reflect the standards set by the 
State of Iowa Department of Education. Some other undergraduate degree 
granting institutions have similar requirements. There are some institutions 
that have fewer requirements in the area of science preparation. The problem 
of this study was to investigate the science content preparation of Iowa State 
University elementary education majors and explore the effects of their science 
content preparation on science achievement, attitude toward teaching science, 
science teaching efficacy, and misconceptions on selected science topics. Data 
were collected from a demographics questionnaire, a released form of the ACT 
Science Reasoning Test, the Revised Science Attitude Scale, the Science Teaching 
Efficacy Belief Instrument Form B (STEBI B), and through the use of student 
constructed concept maps. The goal was not to establish causality, but more to 
explore the role that formal science content education plays in the process of 
educating future elementary science teachers. 
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Purpose of the Study 
The purpose of this study was to investigate if the secondary school and 
undergraduate college level science content preparation of Iowa State 
University elementary education majors made a statistically significant 
difference in their achievement on a science achievement test, attitude toward 
teaching science, science teaching efficacy, and selected science misconceptions. 
Influences of and relationships between secondary and college science courses 
taken and achievement in these courses and achievement on a science 
achievement test, attitude toward teaching science, science teaching efficacy, 
and selected science misconceptions were determined. As a result of this study, 
some of the complexities involved in the preparation of elementary science 
teachers will be clarified. The results of this research can be drawn upon to 
make recommendations and set strategies for policy makers to consider when 
determining how to best prepare elementary education majors to teach science. 
Research Questions 
To investigate the science content preparation of ISU elementary 
education majors, the following research questions were raised: 
1. What science courses have ISU elementary education majors taken in high 
school? 
2. What were the achievement levels, i.e., grades, of ISU elementary education 
majors in these high school science courses? 
3. What science courses have ISU elementary education majors taken as 
undergraduates in college? 
4. Were the science courses taken at ISU or were they transferred from another 
7 
four-year institution or a community college? 
5. What were the achievement levels, i.e., grades, of ISU elementary education 
majors in these college science courses? 
6. What are the attitudes toward teaching science of ISU elementary education 
majors? 
7. What are the science teaching efficacies of ISU elementary education majors? 
8. What are the science achievement levels of ISU elementary education majors 
as measured by the ACT Science Reasoning Test? 
9. What are some of the science misconceptions held by ISU elementary 
education majors? 
10. Is there a relationship between ISU elementary education majors' science 
course backgrounds, i. e., the number of science courses taken, and 
achievement, i. e., grades, and their attitudes toward teaching science? 
11. Is there a relationship between ISU elementary education majors' science 
course backgrounds, i. e., the number of science courses taken, and 
achievement, i, e., grades, and their science teaching efficacy? 
12. Is there a relationship between ISU elementary education majors' science 
course backgrounds, i. e., the number of science courses taken, and 
achievement in these science courses, i, e., grades, and their achievement on 
the ACT Science Reasoning Test? 
13. Is there a relationship between ISU elementary education majors' science 
course backgrounds, i. e., the number of science courses taken, and 
achievement, i. e., grades, and the science misconceptions that they hold? 
14. Are there statistically significant differences in the attitudes toward science 
teaching of ISU elementary education majors who are at different stages of 
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completing their science content preparation requirements? 
13. Are there statistically significant differences in the science teaching 
efficacies of ISU elementary education majors who are at different stages of 
completing their science content preparation requirements? 
16. Are there statisitically significant differences in the science achievement of 
ISU elementary education majors who are at different stages of completing 
their science content preparation requirements? 
17. Is it possible to predict a person's science teaching efficacy if their attitude 
toward science teaching, science course background, and science 
achievement are known? 
18. Are there statistically significant differences between traditional and non-
traditional ISU elementary education majors' attitudes toward teaching 
science? 
19. Are there statistically significant differences between traditional and non-
traditional ISU elementary education majors' science teaching efficacy? 
20. Are there statistically significant differences between traditional and non-
traditional ISU elementary education majors' science achievement? 
Significance of the Study 
The science content preparation of elementary education majors needs 
further study. Empirical research data on the preparation of elementary science 
teachers are necessary for the improvement of elementary science education,, 
specifically, and science education, generally. If science education is to improve 
and move forward, data regarding the preparation of elementary science 
teachers must be analyzed. Careful study and empirical data are essential to 
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identify factors that contribute to the successful preparation of elementary 
science teachers. In the absence of empirical data, the preparation of 
elementary science teachers may follow a haphazard course. 
Relevance of the Results 
Information collected in this study will contribute to the existing 
literature in three broad contexts: a) research, b) elementary teacher 
preparation, and c) dissemination. Also, this study raised questions for further 
research. 
In a research context, data collected in this study produced statistical 
information that will interest policymakers and educators. Data were provided 
about factors that influence the successful development of preservice 
elementary science teachers or interventions that control the development of 
preservice elementary science teachers. 
In terms of elementary teacher preparation, science content preparation 
was investigated and data accumulated that can be applied to the improvement 
of educational practice. Relationships among a number of variables were 
calculated including those of attitude toward science teaching and science 
teaching efficacy. 
Finally, in a dissemination context, this information can be used by other 
science educators and teacher preparation institutions. Additional information 
can be used to plan more effective elementary teacher education programs. 
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Objectives of the Study 
The objectives of this study were to: 
1. Review the literature. 
2. Collect and analyze data. 
3. Provide suggestions for practical application of findings and further research. 
4. Determine the science content preparation, i. e., the high school and college 
science courses taken and achievement, i. e.. grades, in these science courses 
of ISU elementary education majors. 
3. Determine the attitudes toward science teaching, science teaching efficacies, 
and science achievement of ISU elementary education majors. 
6. Identify some of the science misconceptions held by ISU elementary 
education majors. 
7. Determine the relationships among course backgrounds and achievement, 
attitudes toward science teaching, science teaching efficacies, science 
achievement, science misconceptions held, and other demographic variables. 
8. Determine if there are statistically significant differences among students 
who obtained their science content preparation at another institution and 
those who obtained their science content preparation at ISU. 
9. Determine if there are statistically significant differences in the attitudes 
toward science teaching, science teaching efficacies, science achievement, and 
other variables among ISU elementary education majors who are at different 
stages of their science content preparation. 
10. Determine if there are statistically significant differences in the attitudes 
toward science teaching, science teaching efficacies, science achievement, 
and other variables among ISU elementary education majors who are 
11 
classified as traditional or non-traditional students. 
Assumptions of the Study 
This study was based on the following assumptions: 
1. Elementary education majors answered the evaluation instruments honestly 
and to the best of their ability. 
Definitions 
attitude: a general positive or negative feeling toward something (Riggs & 
Enochs, 1990, p. 625). 
attitude toward teaching science: attitude toward teaching science was defined 
as the score on the Revised Science Attitude Scale. 
efficacy: two constructs are involved-outcome expectancy, the teacher expects 
certain behaviors to produce desirable outcomes and self-efficacy, the 
teacher believes in his/her ability to perform the behaviors (Riggs & 
Enochs, 1990, p. 626 from Bandura, 1977). 
science teaching efficacv: science teaching efficacy was defined as the score on 
the Science Teaching Efficacy Belief Instrument Form B. 
misconception: explanatory and descriptive systems held by students for 
scientific phenomena that differ significantly from what students are 
expected to learn in their study of science (Champagne & Klopfer, 1984, p. 
181). 
science achievement: science achievement was defined as the score on the ACT 
Science Reasoning Test. 
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Organization of the Study 
This dissertation is organized into five chapters. Chapter I includes; (a) 
background of the study: (b) statement of the problem; (c) purpose of the study; 
(d) research questions: (e) significance of the study: (f) relevance of the results: 
(g) objectives of the study: (h) assumptions of the study; (i) definitions; and (j) 
organization of the study. 
Chapter II presents the review of the literature. Included is a discussion 
of: (a) science requirements of elementary education majors: (b) science content 
or subject matter preparation: (c) science achievement of teachers; (d) attitudes 
toward teaching science: (e) science teaching efficacy; and (f) science 
misconceptions. 
. Chapter III presents the methodology and design of the study. Described 
are the: (a) research methodology: (b) instrumentation; (c) population and 
samples; (d) data collection: and (e) data analysis. 
Presented in Chapter IV are the results of the data analyses. Response 
rates and data collected from the various instruments utilized in the study are 
summarized. 
Conclusions and recommendations are presented in Chapter V. Included 
are: (a) a discussion of the research questions: (b) implications of the research 
findings: (c) limitations of the study: and (d) recommendations for further 
research. 
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CHAPTER II. REVIEW OF THE LITERATURE 
Introduction 
McKeaciiie, Pintrich, Lin, and Smith (1986) summarized effective teaching 
literature when they stated that effective teaching depends upon at least three 
kinds of knowledge: 1) knowledge of subject matter, 2) knowledge of students, 
and 3) knowledge of teaching strategies and skills. Goals in education now go 
beyond presenting and transmitting knowledge to helping students develop 
cognitive structures, skills, strategies, and motivation for continued learning and 
problem solving. 
Schoenberger and Russell (1986) reported that even when the official 
elementary curricula mandated the teaching of science, it was "... not taught 
regularly or effectively in many classrooms" (p. 536). Enochs and Riggs (1990) 
listed a number of reasons that have been reported for the lack of significant 
time given to the teaching of elementary science and for the relatively 
ineffective manner in which it is taught, when time is given to it. Reasons given 
included: 1 ) lack of a strong background in science content (Franz & Enochs, 
1982; Hurd, 1982); 2) inadequate facilities and equipment (Helgeson, Blosser, & 
Howe, 1977; Weiss, 1978): 3) the crowded curriculum (Helgeson et al. 1977; 
Weiss, 1978); 4) poor instructional leadership (Edmonds, 1979; Fitch & Fisher, 
1979); and, 5) teacher attitude (Koballa & Crawley, 1985; Morrisey, 1981). 
This review of the literature focused on: 1 ) science requirements of 
elementary education majors, 2) science content preparation, 3) science 
achievement of teachers, 4) attitudes toward teaching science, 5) science 
teaching efficacy, and 6) science misconceptions. 
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Science Requirements of Elementary Education Majors 
In terms of science content preparation, Iowa State University 
elementary education majors are required to complete a total of twelve 
semester credits in science and mathematics. In addition, these twelve 
semester credits must be distributed with at least three credits in each of the 
following areas; biological sciences, physical sciences, and mathematics. Also, 
ISU elementary education majors are required to take a three semester credit 
elementary science methods course. 
Butts (1990) summarized the results of a number of research studies and 
concluded, not surprisingly, that science teachers have had different content 
courses and different knowledge bases in science. He asked the questions: 
Is it possible that what students know and believe is influenced by 
. what their teachers know and believe? Is it also possible that what 
teachers know and believe is influenced by their formal schooling 
experiences, both preservice and inservice? If so, the key challenge in 
science teacher education research is to determine what knowledges are 
related to which practices and attitudes: how strong are these linkages and 
why do these linkages exist? (p. 280). Later, Butts stated, "What theoretical 
basis explains why teachers' knowledge is linked to their practice and attitudes? 
Implied in some of the studies is the possibility that the manner in which 
teachers were exposed to their knowledge may be at least as important as the 
knowledge they acquire" (p. 283). 
Feiman-Nemser (1989) identified the traditional elementary education 
preservice program, a four-year program in which the first two years are 
devoted to general education and the last two to professional studies. She cited. 
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"The modern formula of breadth plus depth defined in terms of three or four 
grand divisions of knowledge (humanities, social sciences, natural sciences, fine 
arts) and calculated in courses and credits shapes general education 
requirements for teachers" (p. 9). The author further stated that the 
professional sequence for elementary education majors typically consists of 
some sort of introduction to education, a course in educational psychology, six or 
seven methods courses, and student teaching. There is widespread agreement 
about the importance of general education, but, in practice, the author suggested 
that it is more like a supermarket where students make choices from a wide 
array of offerings that rarely provides deep and flexible subject matter 
understanding. 
The National Science Teachers Association (NSTA) is the largest science 
education organization in the United States. For the most part, NSTA 
certification requirements (NSTA, 1987a, p. 2) reflect those of ISU. Twelve 
semester hours in laboratory or field-oriented science, including courses in each 
of the areas of biology, physical science, and earth science are required for 
certification. Both the NSTA and Iowa State University included, as a 
requirement, the completion of an elementary science methods course. The 
NSTA requirements include the provision that courses taken should be 
specifically selected or designed to serve the needs of preservice elementary 
school teachers. 
The NSTA publication (1987b), Criteria for Excellence: An NSTA Compact. 
in its criteria for excellence in preservice elementary science education 
identified four criteria in the section on curriculum of science content and 
process courses: 
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1. Include 12 semester hours of study balanced among, biology, physical 
science, and earth science; 
2. Are specifically applicable to elementary school classrooms; 
3. Illustrate societal implications of science and technology; 
4. Provide competence in the problem-solving processes of science, such 
as observing, classifying, measuring, interpreting, predicting, and 
exper iment ing (p .  34) .  
Spector (1987a) wrote that the science courses teachers commonly take 
are survey courses designed for non-science majors. She stated, "In neither 
case is the preservice teacher likely to see any relationship between the 
contents of these courses and the science he or she will teach in elementary 
school" (p. 6). 
. The need to improve the quality of undergraduate education overall has 
been the subject of recent studies (Boyer, 1987; Association of American 
Colleges, 1985). From an elementary science teacher preparation perspective, 
perhaps the task is to rethink general education and subject matter preparation 
requirements rather than simply adding more credit requirements. 
Champagne and Hornig (1986) stated that definitions of teacher 
competence are based, in part, on teacher preparation. They wrote: 
"The preparation model bases judgements of quality on input measures: the 
number, type, and level of courses that the teacher has taken, or the completion 
of a recognized and accredited degree program" (p. 81). State certification 
standards and most of the standards proposed by the professional societies use 
preparation measures to define quality. They continued, "Completion of a 
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course does not automatically confer mastery of a subject, nor are all programs 
equally rigorous" (p. 81 ). 
"Underlying an effort to enhance pedagogical effectiveness must be 
familiarity with the subject to be taught" was a belief stated by Graham and 
Fultz (1986, p. 161). They reported that typical certification requirements have 
aimed at coverage or comprehensiveness in mandating exposure to broad areas 
of a discipline for prospective teachers. 
Stepans and McCormack (1985) conducted a study that involved 
freshmen and senior University of Wyoming elementary education students. 
Their results substantiated four interpretations: 1) the elementary education 
majors were being inadequately prepared to teach science in terms of a 
reasonable level of scientific concept understanding; 2) having students take 
more traditional science courses did not favorably impact understanding of 
scientific concepts, attitudes toward science, or confidence.in personal ability to 
teach science; 3) freshmen appeared to have a significantly serious negative 
attitude regarding science and science teaching; and, 4) although there is a 
trend in the direction of positive attitudes toward science as they move from 
freshmen to senior level, the trend is unrelated to the number of general 
education science courses completed. 
Subject matter content is a concern expressed by many and is 
exemplified by Bethel (1984) who wrote, "Many educators, including school 
principals, supervising teachers, and science educators, agree that beginning 
teachers lack competence in science subject matter" (p. 143). 
A summary of the literature on science requirements of elementary 
education majors suggests that, typically, the number of science credit hours 
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taken and their suitable distribution are the criteria used to signal adequate 
preparation in the sciences for elementary teachers. The National Science 
Teachers Association suggested additional criteria for programs striving for 
excellence. It has been suggested that a supermarket approach to course 
selection has not developed a deep and flexible understanding of science subject 
matter in preservice elementary teachers. In addition, it has been reported that 
preservice elementary teachers do not see the relationship between what is 
taught in undergraduate science courses they take and the science they will 
teach in elementary school. Finally, a number of educators have expressed the 
opinion that beginning science teachers are not well prepared in science subject 
matter. 
Science Content or Subject Matter Preparation 
Feiman-Nemser and Parker (1990) wrote, "The literature on beginning 
teachers pays little attention to content-specific issues Instructional 
concerns take a back seat to issues of control" (p. 1 ). They added, "One factor 
that may direct attention away from subject matter concerns is the belief that 
beginning teachers already have adequate subject matter knowledge" (p. 2). 
The authors asserted that many beginning teachers have not had adequate 
opportunities to learn their teaching subjects before they begin teaching. They 
suggested that teachers need a special blend of content knowledge and 
pedagogical knowledge that Shulman (1987) has labeled "pedagogical content 
knowledge" which includes useful ways to conceptualize and represent 
commonly taught topics in a given subject (Wilson, Shulman, and Richert, 1987). 
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Kennedy (1990) declared, "Since the beginning of schools, there have 
been doubts about the adequacy of teachers' subject matter knowledge" (p. 1 ). 
Arguments have focused on the nature of the degree one needs for teaching. 
More college credits in academic subjects and fewer in teacher education is 
argued for by some, while others argue that increased credits in specific 
subjects will not assure that teachers will be able to teach those subjects. 
Kennedy asserted: 
There are, then, several reasons for being concerned about the place of 
subject matter knowledge in education, and in teacher education. 
Student achievement is not as high as it should be, particularly in 
higher order thinking; teachers' test scores are also not very high; 
teachers tend to concentrate on trivial content and on routine tasks, 
. and teachers are often not able to explain important substantive 
concepts to students. And there are several explanations for the lack 
of substance in most school learning: teachers are unable to manage 
classrooms when the tasks are more unpredictable, as conceptual and 
problem-solving are; teachers don't perceive some or all subjects as 
conceptual subjects; or teachers don't understand conceptual aspects 
of the subjects themselves, and therefore are able to teach only the 
more trivial aspects of these subjects (pp. 4-5). 
Kennedy used the phrase "pedagogical subject-matter knowledge" to indicate 
that a blending of knowledge of subject with knowledge of students is required 
by teachers. Kennedy stated that teacher education has rested on the 
assumption that subject matter and pedagogy are separate bodies of knowledge. 
It is assumed that preservice teachers already know their subjects or they will 
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acquire this knowledge in their liberal arts courses. State licensure policies 
have tended to reinforce this separation. Even programs that offer alternative 
routes into teaching seek candidates that presumably already know their 
subjects. Finally, Kennedy stated. "Moreover, evidence is mounting to the effect 
that college level subject matter courses are not providing students with 
opportunities to gain a deep understanding of their subject matter" (p. 14). 
Morey (1990) surveyed Illinois elementary school teachers in 1987. She 
reported that lack of science background has dropped from being the main 
reported obstacle to implementing science instruction ten years ago to a current 
ranking of being the sixth most important obstacle to science teaching. Morey 
indicated that content preparation may be more of a problem than the survey 
revealed. She cited Standards for the Preparation and Certification of Teachers 
of Science K 12, as developed by the NSTA and adopted by the National Council 
for the Accreditation of Teacher Education (NCATE) and by the Association for 
the Education of Teachers of Science (AETS), indicate that the teachers surveyed 
may falljhort of meeting the minimum standards. The standards recommend a 
minimum of twelve semester hours of laboratory- or field-oriented science in 
addition to at least three semester hours of science teaching methods. The 
Illinois teachers surveyed had an average of 11.7 semester hours of science and 
science methods courses. 
McDiarmid (1989) wrote that research on students' substantive 
knowledge in specific subject matter fields is spotty and unsystematic. He -
thought it troubling that so little is known about student understanding of 
specific subject matter. McDiarmid reported that mathematics and physics are 
two subject matter areas in which researchers have studied both what 
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undergraduates are taught and what they actually learn. The author stated that 
in both these subjects, evidence is mounting that few students, whether 
prospective teachers or not, develop a conceptual understanding of the subject 
matter. He concluded: 
As a result, far too little is known about what prospective teachers 
learn from their college study of specific disciplines. The research that 
has been done, however, should urge caution in assuming that 
prospective teachers develop connected conceptual understanding of 
subject matter in their liberal arts courses, (p. 6) 
Feiman-Nemser (1989) wrote that teacher educators have tended to 
ignore the question of what teachers need to know about their subjects to teach 
them effectively and where that knowledge is acquired because they have not 
been responsible for teachers' subject matter preparation. Particularly, in the 
case of elementary teaching, many have assumed the content is easy to learn or 
familiar because prospective teachers have "had" it in schools themselves. She 
stated, "Conceptual and empirical research on teachers' subject matter 
knowledge challenges these assumptions and provides a beginning knowledge 
base for academic orientation" (p. 20). 
"Since research on teachers' learning of subject matter is a relatively new 
domain of inquiry in teacher education, the literature is scant" (Ball & 
McDiarmid, 1989). Additionally, the authors wrote that what students actually 
learn about subject matter from their college and university liberal arts courses 
is both an open and a critical question. They make the point that most teachers 
spend about thirteen years in school prior to entering college. A major portion 
of teachers' subject matter preparation occurs prior to college. In fact, not only 
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is the precollege phase of subject matter study longer than the college period, 
but the content studied in elementary and high school classes is often closer to 
that which preservice teachers will actually teach. They stated, "As teachers, 
what they understand about topics outside their area of specialization is likely 
based on what they remember from elementary and high school courses" (p. 
12). They continued; 
Whether prospective teachers' precollege learning has a greater 
influence on their subject matter understandings than do their 
subsequent formal college studies is an open and empirical question. 
Some evidence suggests that the formal period of preservice teacher 
education is a relatively weak influence on what teachers know and 
believe, (p. 13) 
. McDiarmid, Ball, and Anderson (1989) wrote that time constraints tend to 
make teacher educators take prospective teachers' subject matter knowledge 
for granted, focusing instead on pedagogical knowledge and skills. 
Murnane and Raizen (1988) communicated: "One attribute of professional 
teachers is that they understand the subjects that they teach" (p.95). They 
reported that, due to the extraordinary variety of undergraduate institutions 
that prepare teachers in the United States, it is nearly impossible to assess 
accurately the subject matter preparation of the nation's teachers. Nonetheless, 
they support the collection of data because it will provide at least basic 
information on the preparation of teachers, changes over time, and the 
distribution of teachers among different types of students. 
The National Academy of Sciences-National Research Council (1988) 
reported, "It has proven very difficult to establish that teachers with superior 
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subject matter knowledge are more effective in teaching students than teachers 
who have merely an adequate knowledge of the material they teach to 
students" (p. 96). With this in mind, they added that it is reasonable to believe 
that teachers who have mastered the material that they teach are more 
effective than teachers who have not mastered this material. It was 
recommended that, "More research is needed on the impact that teachers' 
knowledge of science and mathematics has on their effectiveness in teaching 
these subjects to students" (p. 101). 
Yager, Hidayat, and Penick (1988) reported that quantity of science 
preparation is not a major factor in producing a superior science teacher. In a 
study of practicing teachers, Yager (1988a) reported that: 
An important finding in this study is that increased preparation in 
science is not a significant factor in differentiating between the best 
and the worst science teachers Of course, logic would dictate that 
increased teacher study of science can result in improvement. 
However, science preparation per se is not the factor Often it is 
merely assumed that more science will result in more effective 
teachers, (p. 304-305) 
Yager (1988b) suggested that: 
Of equal importance ... may be: I ) philosophy of science, 2) 
history of science, 3) society and science, 4) science and 
decision-making, 3) science-related issues, 6) current 
technology, 7) applications of science in daily living, 8) a 
consideration of careers in science, and 9) science/technology. 
Such materials (courses) should be considered basic content 
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preparation for future science teachers — (p. 4) 
Yager declared that course preparation for future teachers (or students in 
schools) will be unimportant if assessment measuring content acquired is the 
measure for success. He stated, "Science is more than information..." (p. 5). 
Susilio (1987) and Razali (1986) reported that college science instuctors 
do not consider the acquisition of content information by future students, i. e., 
high school students planning to go to college, as very important prior to the 
study of a particular science at the college level. 
Hashweh (1986) stated that there was a need to study teacher 
knowledge, and subject-matter knowledge in particular, due to the importance 
of this information to teacher education and due to the relative neglect of this 
area by researchers interested in research on teaching. The author declared, "In 
spite of the fact that it is intuitively obvious that one needs to know what he or 
she has to teach to adequately teach it, the need for rich subject-matter 
knowledge has often been challenged" (p. 1 ). The author wrote that the need to 
first describe teacher understandings of subject-matter and consequently trace 
the effects of this understanding on teaching activities has still not been met. 
Hashweh concluded in the study of the teaching of biology and physics that the 
teachers' prior knowledge of subject matter greatly contributed to the 
transformation of the written curriculum into an enactive curriculum, a 
transformation that starts during preactive teaching and is reinforced during 
interactive teaching. 
Lawrenz (1986) attributed the traditional lack of support by elementary 
teachers to teach science, at least in part, to the fact that often their own 
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backgrounds in science are weak and that laboratory-oriented science education 
is time consuming in a school day that already is filled. She wrote: 
Because science is a discipline that builds on previous knowledge, the 
elementary school plays a fundamental role in the educational system. 
If students aren't exposed to quality science education in their 
beginning years, they will be at a significant disadvantage later. The 
importance of the elementary school teacher to science education is 
not a new concept, (p. 654) 
There is sufficient support within the research literature to indicate a 
need for reevaluating science content preparation requirements is a conclusion 
arrived at by Markovits and Johnson (1985). The authors used Phillips (1983-4) 
and Franz and Enochs (1982) as evidence when they declared that elementary 
school teachers are expected to teach science but are notoriously unprepared to 
do so. 
Shulman (1985) commented, "Where the teacher cognition program 
clearly has fallen short is in the clarification of teachers' cognitive 
understanding of subject-matter content and the relations between such 
understanding and the instruction teachers provide for students " (p. 98). 
Manatt and Stow (1984) prepared a manual for evaluating teacher 
performance. Included as a productive teaching technique was; "Criterion 7: 
The teacher displays a thorough knowledge of curriculum and subject matter." 
The authors cited several references as justification for the inclusion of this 
criterion. They noted that Peterson and Walberg (1979) reported that when 
students are asked about characteristics of teachers from whom they learned 
the most, among the traits named is "has more knowledge of subject matter." 
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Manatt and Slow reported that "All fifty states require certification based on 
preparation..." (p. 25). In addition they reported: 
. . .  w h i c h  n o  d o u b t  a c c o u n t s  f o r  t h e  h i g h e r  c o r r e l a t i o n s  b e t w e e n  
knowledge of subject matter and student achievement as the focus 
moves from elementary to secondary to college level subjects. Since 
the elementary teacher is expected to have great depth in many 
curricular areas, it becomes a demanding task to exhibit all of the 
points attributed to a knowledgeable teacher, (p. 23) 
Goodlad (1984) chronicled data on teachers' perceptions of inadequate 
preparation. In his study, elementary teachers perceived themselves to be 
rather poorly prepared to teach only one subject - science. About twenty-three 
percent said they were not adequately prepared in this field. 
Zeitler (1984) reported on the science backgrounds and concerns of 
preservice elementary teachers about teaching science to children. At the 
secondary level, the author reported 93% had completed biology, followed by 
59% chemistry, 42% physical science, 22% earth science, and 17% physics. The 
author concluded that these preservice teachers took approximately one course 
in the biological sciences and one course in the physical sciences during high 
school. "Science" courses completed at the college level were, in order: 1 ) 
biology-71%, 2) geography-45%, 3) physical science-34%, 4) chemistry-25%, 5) 
geology-25%, and 6) physics-24%. About 17% of the students took one 
advanced course in the biological sciences (biology, physiology, anatomy, 
microbiology, etc.), while hardly any of the students took an advanced course in 
the other areas of science. Four categories of concerns were expressed by the 
preservice elementary teachers. The area of greatest concern was knowledge of 
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science content, followed in order by, teaching science content, knowledge of a 
variety of teaching methods and resources, and finally, the background of the 
students that they will teach. Zeitler concluded that high on the list of problems 
that appear to interfere with elementary teachers' ability to teach science is 
their lack of knowledge and understanding of science content. 
Buchmann (1983) examined the role of content knowledge in teaching. 
She wrote, "Content knowledge is a logical precondition for the activities of 
teaching..." (p. 23). She later wrote that a firm grasp of content and 
abundant knowledge are required for a teacher to be the legitimate intellectual 
leader of a group. She concluded by stating, "Content knowledge lends 
substance, strength, and rightness to the activities of teaching" (p. 24). 
Byrne (1983) presented a paper in which the author referred to the 
oldest tradition in the study of teaching as the "presage-product paradigm." The 
author stated that this model has failed to show high correlations between 
subject-matter knowledge of teachers and student achievement. 
Anderson (1986) provided analysis of a study by Ginns and Foster (1983) 
and found it significant that there were not any significant differences that 
could be attributed to previous science instruction on Tests of Understanding 
Science score differences, Anderson concluded that Tests of Understanding 
Science gain scores did not result from taking more science courses. Anderson 
asked an important question, "Why don't students who take more science 
courses understand science better?" (p. 35). 
A summary review of the literature on subject matter or science content 
preparation indicates that, historically, there have been concerns regarding the 
adequacy of teachers' subject matter knowledge. There has not been much 
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research on content specific issues and much of what has been done has been 
spotty and unsystematic. Frequently, teacher educators have ignored the 
question of content because they have not been responsible for subject matter 
preparation. Subject matter knowledge has been seen as a logical precondition 
for teaching and it has been assumed that at the elementary school level this 
material is either familiar, easy to learn, or will be acquired in the prospective 
teachers' liberal arts courses. Evidence suggests that college level subject 
matter courses are not providing students with opportunities to gain a deep 
understanding of subject matter. Some evidence suggests that the formal 
period of preservice teacher education is a relatively weak influence on what 
teachers know and believe. Elementary teachers perceived themselves to be 
poorly prepared in only one subject-science. At the top of a list of preservice 
elementary teachers' concerns were knowledge of science content and teaching 
science content. Research exists that declared quantity of science preparation 
was not a major factor in producing superior science teachers. Also, it has not 
been established that better teaching occurs by those teachers with superior 
knowledge versus teachers with adequate knowledge. There is support within 
the research literature to indicate a need for reevaluating the science content 
preparation of elementary school teachers. 
Science Achievement of Teachers 
Concerns have been raised about the academic science achievement of all 
students in the United States. The Congressional Budget Office documented 
declines in student achievement that spanned most grade levels and nearly all 
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content areas from the 1960s and into the 1970s. Declines were greater in 
higher order skills such as reasoning and problem solving more than in basic 
skills, and in upper grades than in lower grades. These declines ceased around 
1980 and test results have remained relatively constant since that time. The 
results have not indicated any upward movement since 1980 that might 
compensate for the long-term downward movement (Congressional Budget 
Office. 1986). 
The Congressional Budget Office has concluded from its analysis of 
achievement test data that there has been an apparent decline in teachers' 
achievement test scores. The decline in test scores of would-be teachers is 
hypothesized to be a result of, rather than a cause of, the declines in student 
achievement because the Congressional Budget Office estimated that the first 
group of teachers to enter teaching with lower test scores would have entered 
teaching in 1978 when the decline in student test scores was nearly over 
(Congressional Budget Office, 1987). 
Robertson. Keith, and Page (1983) found a negative relationship between 
tested ability and high school students' interest in becoming a teacher. In 
addition, higher scoring college graduates who plan to teach are least likely to 
take teaching positions. Among those who become teachers, those with higher 
achievement test scores are most likely to leave teaching (Kerr, 1983: Vance 
and Schlechty, 1982). This evidence suggests the teaching profession is 
attracting relatively less able young people. 
Bethel (1984) wrote that some states have required higher admission 
standards for preservice teacher applicants. These procedures have taken three 
forms: 1 ) test for entry level literacy and computational skills, 2) test general 
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education background, and 3) raise grade-point-average requirements for 
admission into colleges of education. Some states are testing teachers after the 
completion of their undergraduate training. 
A review of the literature on the science achievement of teachers 
suggests the generalization that the teaching profession is attracting relatively 
less able persons when compared with earlier generations. Perhaps as a 
reaction to this, some states and universities have increased admission 
standards to teacher education programs or have instituted teacher testing 
programs after the completion of undergraduate programs. 
Attitudes Toward Teaching Science 
Attitudes toward science and, more specifically, attitudes toward teaching 
science are areas of science education research that have received significant 
attention. Much of the motivation for these studies rests on the assumptions 
that teacher education students with favorable attitudes toward science will 
have favorable attitudes toward teaching science and will learn more and teach 
more science. 
Wareing (1990) wrote of the importance of attitude research in science 
education. Wareing felt that attitudes require further examination, if for no 
other reason, because of their intrinsic merit. The author summarized selected 
research studies by stating that attitudes regulate, in part or in whole, all 
behavior. She wrote, "Although a one-to-one correspondence between attitudes 
and behavior is yet to be definitely proved, the ability of attitudinal 
characteristics to influence behavioral outcomes cannot be categorically denied" 
(p. 371). Wareing wrote that attitudes produce pressure to behave consistently 
with them, but extraneous variables can cause people to behave inconsistently 
with their attitudes. Wareing stated that a lack of theoretical context is a 
difficulty that plagues the literature on attitudes. The author felt that the 
development of attitudes and their antecedents is best explained by Fishbein's 
and Ajzen's (1975) and Ajzen's and Fishbein's (1980) theory of Reasoned Action. 
Fishbein and Ajzen challenge the assumption of a one-to-one correspondence 
between attitude and behavior. They proposed a model in which behavior 
matches attitudes a percentage of the time but not in every case. They created 
a subconcept of attitude designated as behavioral intention. Wareing wrote; 
The theory of Reasoned Action deals with the prediction of behavior 
from attitudes based on the assumption that human beings are 
basically rational and make systematic use of the information available 
to them. In its practical application, the goal of this theory is to predict 
and understand individual behavior by identifying beliefs that underlie 
a person's attitude, (p. 374) 
"Science attitude scales can be expected to predict science-related 
behavior " is a conclusion arrived at by Shrigley (1990, p. 97). He added that 
attitude-behavior correspondence can seldom be expected to approach the r 
value of 1.00. Valid measurement and mediating variables need to be 
considered. 
Koballa (1988) discussed attitude and related concepts. He discussed 
differences between attitude and belief and reported Fishbein's and Ajzen's 
(1975) contention that a set of beliefs form the basis of one's attitude. Koballa 
wrote, "Whether one has a positive or negative attitude toward something 
depends on whether the relevant beliefs are evaluated positively or negatively 
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and the strength with which the beliefs are held" (p. 118). The author offered 
three reasons for studying attitudes: 1 ) Attitudes are relatively stable over 
time; 2) Attitudes are learned; 3) Attitudes are related to behavior. 
Murnane and Raizen (1988) reported that, generally, science educators 
view the acquisition of positive attitudes toward science as important outcomes 
of the schooling process and for their influence on the activities in which 
students choose to participate both as students and in later life. The importance 
placed on attitudes was reflected when they reported that an ERIC search of 
science testing articles written between 1975 and 1985 revealed that more than 
one-third of the articles were devoted to the measurement of attitudes. 
The National Academy of Sciences-National Research Council (1988) 
summarized past studies on attitudes toward science and mathematics when 
they reported: 
Generally past studies have not succeeded in establishing a strong 
connection between positive student attitudes regarding the subjects 
themselves, teachers, classes, careers, and the like and student 
achievement Three reviews of research on attitudes and 
performance in mathematics all conclude there is a positive 
correlation, although it is small Similar results have been found for 
science (p. 85) 
Thompson and Shrigley (1986) reported that the attitudes of many 
preservice elementary teachers toward the teaching of science is less than 
positive. For this reason, a high priority among science education researchers 
should be attitude research. 
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Lawrenz and Cohen (1985) investigated secondary science majors' and 
elementary education majors' attitudes toward science before, during, and after 
methods classes and student teaching. This study was prompted, in part, by an 
earlier studies that supported the idea that attitudes held by teachers can be 
passed on to their students (Stollberg, 1969; Hone and Carswell, 1969; Washton, 
1971). Attitudes, as measured by the Science Attitude Inventory, did change 
but it was unclear as to what specifically caused these changes. 
Markovits and Johnson (1985) communicated that good science teaching 
has been associated with positive teacher attitudes toward science. It was their 
belief that attitude is important to both teacher and student success. Tanvo 
(1981) was cited to support their belief that attitude toward science teaching 
can be used as a predictor of preservice teacher performance. 
. Bethel (1984) declared; 
Another factor that affects, in particular, elementary teacher attitudes 
toward science is the relatively small amount of required science 
content coursework. Because elementary science teachers are required 
to take so few courses in science, many feel they are not adequately 
prepared to teach science, (p. 150) 
Kurd (1983) provided support for Bethel's claim when he earlier reported 
that nearly 51% cf elementary teachers stated that their preservice training did 
not prepare them to teach the science they are required to teach on a daily 
basis. 
Anderson (1986) wrote that preservice elementary teachers have been 
the subjects for many attitudinal studies because it is a well established fact 
that these individuals prefer other subjects and prefer to teach most other 
34 
subjects in the curriculum over science. He stated that the motivation for these 
studies originates from the belief that persons with a more favorable attitude 
toward science will learn more science, as well as teach more science when they 
become practicing teachers. 
Lucas and Dooley (1982) reported that science educators in Australia, 
England, and the United States have reported that primary school teachers have 
negative attitudes toward science. They claimed that negative attitudes among 
teachers of science, in some cases, may be traced back to the individual's own 
experiences at school and may result in not teaching science at all or teaching it 
in such a tentative and unenthusiastic fashion that the benefit of science to 
children is slight. 
Wester back (1982) reported that numbers of high school and college 
science and math courses and levels of enjoyment of these courses were not 
significantly related to either attitude toward teaching science or anxiety about 
teaching science. Achievement as measured by final grades in two science 
courses appeared to be related to both attitude toward teaching science and 
anxiety about teaching science in the earth science and biology course but not 
consistently related to these variables in the physical science course. 
Gabel (1981) concluded in a study that she conducted that, as expected, 
science majors have more positive attitudes toward science than do nonmajors. 
Her study also indicated that elementary education majors' attitudes are not 
different from those of other nonmajors. Gabel reported that the number of 
science courses a student takes may have a cumulative effect in positively 
influencing their attitudes with a significant difference occurring between 
taking one or two courses and four or more courses. This finding suggests that 
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elementary education majors be required to take at least four courses in 
science. Her findings also showed that students who take more science courses 
achieve better, which may affect attitude. Gabel concluded that a program for 
elementary education majors should include at least four science courses and 
within these courses a special effort should be made to enhance students' 
attitudes toward science and science teaching. 
Taiwo (1980) concluded that previous exposure to science education 
positively correlated with attitude toward science teaching. Unfortunately, 
"previous exposure to science education" was not identified. 
Koballa and Coble (1979) wrote that, "Science courses required in present 
elementary teacher education programs often have little value toward 
developing positive attitudes of preservice teachers toward science" (p. 413). 
. A number of studies assessing the attitudes of preservice teachers toward 
science and science teaching have been done. Many have investigated the 
relationship between attitudes and inquiry-teaching methods. In one example, 
Barufaldi, Huntsberger, and Lazarowitz (1976) indicated significant positive 
changes in attitude were the result of experiences with inquiry, "hands-on" 
activities. 
A review of the literature on attitudes toward teaching science suggests 
that this has been a research area that has received a great deal of study, with 
much of the motivation for at least some of the studies being the belief that a 
favorable attitude toward science will result in prospective teachers learning 
more science and teaching more science. Most preservice elementary teachers 
have indicated they prefer other subjects over science and have less than a 
positive attitude toward science and toward teaching science. Research studies 
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have produced conflicting conclusions about attitudes toward science. In one 
study, there was only a small positive correlation between student attitude and 
student performance. Conversely, in another study, good science teaching has 
been associated with a positive teacher attitude toward science. Attitude 
toward science was used in this study as a predictor of preservice teacher 
performance. In one study the number of science courses taken and enjoyment 
of those science courses was not significantly related to attitude toward science 
teaching. In this same study, attitude was related to the final grade in earth 
science and biology courses but not consistenly related to the physical science 
final course grade. Finally, one study produced the conclusion that previous 
exposure to science correlated positively with attitude toward science while 
another study concluded that attitude was affected by the lack of course work 
in science. 
Science Teaching Efficacy 
Enochs and Riggs (1990) noted that beliefs serve as part of the foundation 
upon which behaviors are based. They cited several studies that indicated 
teacher efficacy beliefs may account for individual differences in teacher 
effectiveness (Armor et al., 1976; Berman & McLaughlin, 1977; Brookover et al., 
1981). The authors declared, "Specificity is especially necessary when studying 
elementary science teaching beliefs and behavior, since elementary teachers 
teach all subjects and may not be equally effective in teaching all of them" (p. 
695). Riggs, as part of her dissertation work, developed an instrument to assess 
science teacher self-efficacy and outcome expectancy beliefs of inservice 
teachers. This instrument holds promise for staff development programs. 
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However, the needs of researchers of elementary teachers' preservice education 
were not addressed. They concluded that a specific measure of science teaching 
efficacy beliefs should more accurately predict science teaching behavior and 
help teacher educators effect more positive change. Also, the authors wrote 
that teacher education programs need to provide more than science content and 
methodology for future elementary teachers. 
Riggs and Enochs (1990) noted that "Abundant attention has been 
devoted to the investigation of teacher attitude toward science and the effects 
of these attitudes on subsequent teaching " (p. 625). They identified teacher 
belief systems research as having been neglected as a possible contributor to 
behavior patterns of elementary teachers with regard to science. The authors 
used Kobalia s and Crawley's (1985) definition of belief; "information that a 
person accepts to be true" (p. 223). Attitude was differentiated from belief 
because attitude is a general positive or negative feeling toward something. The 
authors stated, "Attitudes may be formed on the basis of beliefs, and both 
attitudes and beliefs relate to behavior" (p. 625). Riggs and Enochs used a 
theoretical framework based on the work of Bandura (1977). Behavior for 
Bandura is based upon a person's generalized expectancy about action-outcome 
contingencies based upon their life experiences and their specific beliefs 
concerning their own coping abilities. Behavior for Bandura is based upon 
outcome expectancy (people expect certain behaviors to produce desirable 
outcomes) and self-efficacy (people believe in their own ability to perform the 
behaviors). 
Enochs (1990) declared that measuring science teaching efficacy of 
preservice elementary teachers is an important aspect of improving elementary 
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science education. Since behavior is based upon beliefs, preservice elementary 
teachers must believe they can teach science well and must be willing to devote 
more time and energy to the science curriculum. Increased self-efficacy and 
outcome expectancy beliefs are predicted antecedents to this behavior change. 
Ashton and Webb (1986) stated a teacher's sense of efficacy consists of 
two independent dimensions or constructs. One dimension deals with the belief 
in students' ability to learn. If the teaching efficacy is high, the belief is that all 
students are capable of learning. If it is low, the belief exists that a number of 
students cannot or will not learn. The other dimension is described as an 
assessment of the individual's own teaching competence. i.e., their ability to 
teach effectively. The authors viewed personal teaching efficacy as the best 
predictor of teaching behavior. 
Trentham, Silvern, and Brogdon (1985) focused on efficacy as a 
contributing factor in improving teacher competency citing efficacy as an 
important characteristic related to teacher effectiveness. They reported that 
efficacy can be measured reliably, and that efficacy and teacher competency as 
rated by superintendents were related. 
The idea that teacher education programs might utilize teacher efficacy 
belief instruments to assist preservice teachers in clarifying their beliefs was an 
idea advanced by Ashton (1984). 
Bandura (1982) identified self-efficacy as a cognitive mechanism that 
regulates behavior, i.e., behavior is controlled by an individual's personal 
efficacy beliefs. 
Bandura's (1977) self-efficacy theory maintains that an expectancy held 
by a person concerning a behavior and outcome can be viewed as two 
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independent expectancies: outcome expectancy, tiie belief that a behavior will 
or will not lead to a given outcome; and self-efficacy expectancy, the belief that 
a person is or is not capable of performing the requisite behavior. Expectations 
of personal efficacy determine what behaviors will be initiated, how much 
effort will be expended, and how long the individual will persist when met with 
difficulty or failure. 
A review of the teaching efficacy literature suggests that measuring the 
science teaching efficacy of preservice elementary teachers can be an important 
aspect of improving elementary science education. Measuring science teaching 
efficacy beliefs may more accurately predict science teaching behavior and help 
teacher educators effect more positive changes. Self-efficacy is considered a 
cognitive mechanism whereby behavior is controlled by personal efficacy 
beliefs. Science teaching efficacy depends on two constructs: 1 ) outcome 
expectancy, and 2) self-efficacy expectancy. Teaching efficacy is an important 
characteristic related to teacher effectiveness. Teacher belief systems is a 
neglected area of research when compared to the number of investigations on 
teacher attitudes toward science. 
Science Conceptions/Misconceptions 
Misconceptions are systematic, intelligently conceived, and quite 
reasonable theories that have been constructed on the basis of experience 
(Clement, 1982) that are contrary to accepted scientific theories. Learning 
theory researchers have used a number of terms to identify understandable 
patterns in the incorrect answers that students give in science. Researchers 
attribute these patterns of incorrect answers to knowledge structures that are 
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described by terms such as: misconceptions, naive theories, preconceptions, 
preconceived notions, naive conceptions, alternative frameworks, and 
alternative conceptions (Anderson and Smith, 1987). A difficult aspect of 
learning science, in some circumstances, is that students simply cannot add new 
knowledge to what they already know. Instead they must abandon habits of 
thought that they have used successfully for years in favor of new, often 
counterintuitive, ways of thinking. 
Ameh and Gunstone (1988) concluded that high school science teachers in 
Nigeria exhibited the same range of misconceptions as their teacher trainee 
students. The teachers used more sophisticated terminology and manifested 
fewer alternative conceptions, but no systematic trends attributable to teacher 
qualifications were indicated. 
The idea that preconceptions are highly resistant to change was 
addressed by Hashweh (1988). According to the author, persons that reported 
results of descriptive studies of students' science conceptions after completing 
one or more science courses often incorrectly noted that preconceptions are 
highly resistant to change. In fact, no attempt was made to alter students' 
preconceptions. A justifiable conclusion, according to Hashweh, is that 
preconceptions persist after instruction, not that they are resistant to change. 
Stepans, Dyche, and Beiswenger (1988) reported that the results of 
numerous studies that have been conducted on misconceptions or alternative 
conceptions suggest that current approaches to teaching science fail to bring 
about a significant change in students' understanding because a large number of 
college students and other adults, after many years of schooling, give responses 
similar to elementary school children when interviewed on fundamental 
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concepts of science. They tested two instructional models, but, because they did 
not test for differences between groups, it is hard to generalize their results. 
The National Academy of Sciences-National Research Council (1988) 
reported that research on misconceptions that students have regarding physical 
phenomena illustrates the importance of discovering student conceptions of 
problems. Some misconceptions have been shown to be so enduring that some 
students reinterpret statements of physical laws to make them consistent with 
the misconception. It was suggested that misconceptions about physical 
phenomena can often be discovered by asking students to draw or indicate 
what they thought was happening or would happen under certain 
circumstances. 
Crawley and Arditzoglou (1988) discussed their study of life and physical 
science misconceptions of preservice elementary teachers at the University of 
Texas-Austin in a paper presented at the Annual Meeting of the School Science 
and Mathematics Association. They stated, "Science educators need to be 
concerned with the long-term effects of misunderstandings of elementary 
preservice teachers" (p.l ), They went on to report that teachers' ability to 
identify and correct misconceptions that students bring with them to the 
classroom will be limited. In a follow-up correlational study, the authors had 
five of the fourteen variables reach significance ( probability less than or equal 
to .10) when correlated with the life science misconceptions scores. The five 
variables found to be associated with misconceptions test performance were; 1 ) 
verbal SAT, 2) age, 3) university CPA, 4) number of high school mathematics 
courses completed, and 5) self-reported ratings of preservice teachers' 
understandings of life science concepts. Nonsignificant correlations existed 
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between life science misconceptions test scores and; 1 ) high school CPA, 2) 
number of high school physical science and life science courses completed, 3) 
number of college math, life science, and physical science courses completed, 4) 
university classification, 5) quantitative SAT, and 6) self-reported ratings of 
physical science understanding. Crawley and Arditzoglou also did a follow-up 
correlational study using the physical science misconceptions test scores. Here, 
age, university CPA, and number of college physics courses completed were 
significant correlations. The authors concluded that many preservice 
elementary teachers possess science concepts whose meanings conflict with 
those of scientists. Also, they felt that time should be invested tc develop 
techniques for exploring the science misconceptions of preservice teachers, 
learning more about them, making preservice teachers more aware of their 
misconceptions, and developing strategies that will bring naive theories into line 
with scientific perspectives. They suggested that science educators can help 
preservice elementary teachers learn how to learn or learn how knowledge is 
constructed by using either concept maps or Vee diagrams developed by Novak 
and Gowin (1984). 
Misconceptions can be viewed as a part of teachers' content knowledge, 
and, although teacher content knowledge may not be observed as the critical 
determinant of effective teaching by some teachers, supervisors, principals, or 
administrators (O'Neil, 1986); and selected science educators (Tulloch, 1986; 
Hollis-Melton, 1986), research on misconceptions has attracted widespread 
attention among researchers. 
Lawrenz (1986) identified serious misconceptions in selected physical 
science topics among 333 Arizona elementary teachers. She concluded: 
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The results of this study help to support the belief that elementary 
school teachers may not have adequate backgrounds in physical 
science. Even though the teachers reported on here had strong 
educational backgrounds (e. g., 47% masters degrees) and were 
positively inclined toward science, they did not do well on the exam 
overall (p. 659) 
In a study that investigated scientific conceptions and attitudes toward 
science of prospective elementary teachers, Stepans and McCormack (1985) 
observed that additional work in traditional science courses and better 
understanding of basic science concepts were not correlated. The authors cited 
work by Cohen ( 1982), Flegg (1981), and Naussbaum and Novick (1981) as 
evidence that large numbers of adults give responses similar to those of 
elementary school children when interviewed on fundamental science concepts. 
Stepans and McCormack wrote that a teacher's lack of confidence in their own 
understanding of science concepts results in either abandoning science in the 
elementary school or teaching it in a superficial manner with "cookbook" 
experiments and "a right answer" approach. The result is a situation that leaves 
children unwilling or unable to advance their views of scientific concepts. 
It has been suggested in Blosser and Helgeson (1984) that analysis of 
students' conceptions of science concepts could be a powerful teacher strategy. 
Three reasons were given. First, it can be used to increase awareness of 
misconceptions. Second, instruction could be designed to change the thinking of 
students who possess misconceptions. Third, it could be used to design 
instruction that may insure more accurate concept learning that that which 
presently exists. 
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Lederman (1984) summarized data on the relationship between teachers' 
and students' conceptions of science and identified classroom variables related 
to changes in students' conceptions of science. The author's data did not support 
the contention that changes in students' conceptions of science are related to 
their teachers' conception of the nature of science. The author stated that 
beyond some essential level of knowledge or understanding a teacher's 
viewpoint is not significantly related to change in students' viewpoints. 
Classroom variables that were related to changes in students' conceptions of 
science included: 1 ) inquiry oriented questioning with little emphasis on rote 
memory/recall and seat work; 2) teachers were pleasant, supportive, and 
frequently used humor and anecdotes to promote instruction and establish a 
healthy rapport: 3) attentive students actively engaged with materials and 
subject matter; 4) explicit teacher comments concerning the tentative, testable, 
and amoral aspects of scientific knowledge were common: and, 3) depth, 
breadth, and accuracy of content were stressed more often than in unsuccessful 
classrooms. Leder man concluded that different teaching techniques are needed 
for content outcomes and nature of science outcomes. 
Edwards and Fraser (1983) reported that interviewing is widely accepted 
as a method for revealing cognitive structure. The authors had students 
prepare concept maps and then interviewed the students at least one day and 
up to three days after the maps were prepared. In their interviews, no 
reference was made to the concept map by the interviewer. They remarked, 
"The degree of agreement between the propositions revealed by the students' 
maps and the subsequent interviews is impressive" (pp. 22, 24). They 
concluded that their results in this study indicate that concept maps were as 
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accurate as interviews for revealing student comprehension of concepts. 
Edwards and Fraser suggested that if a more comprehensive study would 
confirm the results obtained in their study, it would provide teachers with a 
very convenient, time-efficient indicator of student understanding for classroom 
use. An interesting sidelight of the study was the information presented by the 
authors that most students regarded concept mapping as hard work and, at the 
same time, most felt it helped their learning. Edwards and Fraser concluded by 
suggesting that concept mapping has great potential for revealing the 
conceptual understanding of students and seemed to have a number of positive 
effects on student learning. 
Champagne (1982) reported on the power of students' existing knowledge 
of science to interfere with, rather than enhance learning. This is particularly 
troublesome when students' naive conceptions stand in marked contrast to what 
they are expected to learn. She wrote, "... naive theories and the distortions 
they engender in students' comprehension of instruction are among the 
principle causes of students' failure to achieve understanding in science " (p. 62). 
A review of the literature on misconception research, or its various 
synonyms, indicates that this area has attracted widespread attention. The 
misconceptions that preservice elementary teachers possess limit their ability to 
identify and correct student misconceptions and contributes to the failure to 
achieve understanding in science. Misconceptions are viewed as part of a 
teacher's content knowledge. Analysis of students' conception of science 
concepts could be a powerful teacher strategy that may insure more accurate 
concept learning than that which presently exists. 
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Concept maps as evaluation tools 
Wandersee (1990) discussed the theoretical foundation of concept 
mapping. Concept mapping is directly related to such theoretical principles as 
prior knowledge, subsumption, progressive differentiation, cognitive bridging, 
and integrative reconciliation. Fisher (1990) stated that many psychologists and 
artificial intelligence researchers believe each concept is understood through its 
relations with other concepts and, conversely, a new concept cannot be 
explicitly understood until it is linked meaningfully to pre-existing concepts. 
Fisher continued, "All associations, including images, expectations, emotions, and 
sensory experiences, add to concept meaning and understanding" (p. 1002). 
Starr and Krajcik (1990) used three criteria (based on the work of Novak and 
Gowin, 1984) to analyze concept maps in curriculum development: hierarchical 
structure, progressive differentiation, and integrative reconciliation. Wandersee 
(1990) wrote that the mapper's ability to identify and relate salient concepts to 
a general, superordinate concept is basic to the construction of a concept map. 
Concept maps illustrate concepts organized hierarchically and are designed to 
parallel human cognitive structure. Concept maps reflect the psychological 
structure of knowledge. A concept mapper must first identify the key concepts, 
arrange them from general to specific, and relate them to each other in a 
meaningful way in a context-dependent form. Wandersee described a 
completed concept map: 
A finished concept map .., looks deceptively simple It is visually 
efficient and easy to understand. Concepts are... centered within 
cascades of subordinate concepts, each level of the case increasing in its 
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specificity as it approaches the bottom of the page. Ail of the lines 
connecting the concepts must be accompanied by linking words — 
Often, at the terminus of each branch, may be found examples of the 
terminal concept Examples ... are not encircled as the concepts 
are; they may be enclosed by broken circles or ellipses, however. 
Where appropriate, cross-links labeled with linking words connect 
branches of the map Despite their uncomplicated appearance, 
concept maps are, initially difficult to construct, (p. 928) 
Of three graphic metacognitive tools that have been developed based on the 
Ausubel-Novak-Gowin theory of meaningful learning, Wandersee wrote that 
concept maps have the largest research base and are quite widely used in 
textbooks, teacher's guides, and science classrooms and, yet, is relatively new (p. 
930). Wandersee commented, "I continue to be impressed by the potential of 
such graphic metacognitive tools to help science teachers and science educators 
improve science instruction " (p. 931). 
Novak (1990a) reported that from Ausubel's assimilation theory of 
cognitive learning, he and his associates worked with the idea that new concept 
meanings were acquired through assimilation into existing concept/ 
propositional frameworks. The concept map tool evolved over a period of time 
as a way of representing both specific concept/propositional meanings held by 
learners and changes in cognitive structure. Their early work suggested that 
the primary limitation for understanding "abstract" concepts by young children 
was the quantity and quality of their relevant knowledge acquired through 
experience and instruction (p. 938). 
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Concept mapping in teacher education was discussed by Novak (1990a). 
Studies of the learning patterns of Cornell University students, including 
students preparing to teach, found that the large majority of students engage in 
rote learning most of the time. Novak suggested two roles; 1 ) concept mapping 
may help prospective teachers move their own learning approaches toward 
more meaningful practices, and 2) increased skill in the use of concept maps 
will empower teachers to more successfully help their own students learn 
meaningfully. Jegede, Alaiyemola, and Okebukola (1990) conducted a study and 
reported findings that supported the stand that concept mapping is significantly 
more effective that traditional science teaching in enhancing learning in biology. 
Beyerbach and Smith (1990) listed a number of uses for concept mapping 
including using it as; Da study strategy, 2) a means of representing structural 
knowledge in a discipline, 3) a means of increasing recall of written text, and 4) 
a powerful assessment device. 
Novak (1990b) wrote a comprehensive paper that described two 
metacognitive tools, concept mapping and Vee diagramming, their use as 
meaningful learning strategies, and summarized a number of research reports 
utilizing these tools from grade one through university instruction. Novak and 
Gowin (1984) identified a concept map as a "schematic device for representing a 
set of concept meanings embedded in a framework of propositions" (p. 15). 
Novak and Gowin defined propositions as "two or more concept labels linked by 
words in a semantic unit" (p. 15). They went on to write that concept maps 
provide a schematic summary of what has been learned after a learning task 
has been completed. The work of Novak and much of the work of his students 
for the past quarter century has been based upon Ausubel's assimilation theory 
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(1963,1968) of cognitive learning. Ausubel asserted in his epigraph to his 
1968 book, "If I had to reduce all of educational psychology to just one 
principle, I would say this: The most important single factor influencing 
learning is what the learner already knows. Ascertain this and teach him 
accordingly" (p. iv). Novak and his research group searched for better ways to 
represent "what the learner already knows" and developed the tool of concept 
mapping in 1972. The development of concept mapping derived from research 
to represent science concept meanings possessed by students before and after 
instruction. 
Wallace and Mintzes (1990) addressed the problem of assessing 
conceptual change using concept mapping as a research tool. Preservice 
elementary teachers received training in concept mapping and constructed 
concept maps on "life zones" in oceans. Experimental and control groups were 
used and there was little difference in their multiple choice/free response test 
scores. The group that received instruction with computer programs showed 
very substantial gains in the quality of the concept maps they constructed. 
These data showed that concept maps can be a sensitive tool for measuring 
changes in knowledge structure when quality instruction is offered. With 
regard to using concept maps as a research tool, they wrote, 
In using concept maps we have found that they complement, but 
usually do not duplicate, the work of other techniques such as clinical 
interviews, sorting tasks, and conventional testing instruments. The 
concept map is the only approach we have found that attends to both 
what students know and how they organize their knowledge, (p. 
1050) 
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Wallace and Mintzes added, from a practical standpoint, that concept mapping is 
quickly taught to students, can be administered to large groups, and concept 
maps are readily interpreted. 
Novak and Ridley (1988) suggested the use of concept maps as an 
alternative for classroom teachers to assess student learning rather than more 
complicated, labor intensive, structured interviews. Concept mapping strategies 
can be used to detect student misconceptions because students are asked to 
construct their own maps, indicating concepts and showing relationships among 
concepts. 
Beyerbach (1986) wrote that few studies have examined differences in 
concept maps produced by individuals with varying degrees of educational 
experience, or before and after instruction (p. 4). The author suggested a 
procedure that might be used in assessment, instruction, and program 
development. 
Novak and Gowin (1984), in Learning how to learn, wrote a great deal 
about the usefulness and applicability of concept maps in educational research, 
learning, and teaching. They identified concept mapping as an educational tool 
to help students and educators see the meanings of learning materials. They 
wrote: "For the past five years, our work has turned increasingly toward 
developing theory to help design better teaching and learning activities. 
Concept mapping, as we will describe it, is derived from this work" (p. 12). 
Novak and his associates were troubled by the fact that that any variety of 
paper and pencil tests did not validly measure children's scientific knowledge. 
Scoring procedures for concept maps were based mainly on Ausubel's cognitive 
learning theory, especially the following three ideas: 1 ) Cognitive structure is 
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hierarchically organized (Ausubel's concept of subsumption); 2) Concepts in 
cognitive structure undergo progressive differentiation (meaningful learning is 
a continuous process where new concepts gain greater meaning as new 
relationships are acquired): and, 3) Integrative reconciliation occurs when two 
or more concepts are recognized as relatable in new propositional meanings 
and/or when conflicting meanings of concepts are resolved (meaningful learning 
is enhanced when the learner recognizes new relationships between related sets 
of concepts or propositions). The principles of integrative reconciliation and 
progressive differentiation are particularly applicable to misconceptions 
research. One point is given for each valid proposition or relationship. Five 
points are given for each valid hierarchy level, i. e., each subordinate concept is 
more specific and less general than the concept drawn above. Cross links are 
meamngful connections between one segment of the concept hierarchy and 
another segment. Ten points are awarded for each cross link that is significant 
and valid and two points for each cross link that is valid but does not illustrate 
a synthesis between sets of related concepts or propositions. One point each is 
given for examples that are specific events or objects that are valid instances of 
concepts. 
A review of the literature indicates that concept mapping is receiving 
increased research attention and utilization in the classroom. The theoretical 
foundation for using concept maps is rooted in Ausubelian cognitive learning 
theory. 
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CHAPTER III. METHODS 
Research Methodology 
In this study, survey research methodology and techniques were used to 
collect data based upon the need to; (a) collect standardized, descriptive 
information from ISU elementary education majors: (b) effectively contact a 
large number of majors in a relatively short period of time; (c) reduce the 
demands placed upon respondents' time and availability; and, (d) reduce data 
collection costs (Borg & Gall, 1989). The research methods employed in this 
study included both causal-comparative and correlational methods. Causal-
comparative research seeks to investigate possible cause and effect 
relationships by observing some existing consequence and searching back 
through the data for plausible causal factors. Correlational research seeks to 
investigate the extent variations in one factor correspond with variations in one 
or more other factors based on correlation coefficients (Isaac and Michael, 
1990). 
Instruments 
The research methodology utilized in this study involved five phases: 
(a) development of a self-report questionnaire to obtain demographic 
information from ISU elementary education majors; (b) searching for, 
selecting, and then securing permission to use a standardized science 
achievement test; (c) searching for, selecting, and then securing permission to 
use an attitude toward science teaching test; (d) searching for, selecting, and 
then securing permission to use a science teaching efficacy belief instrument; 
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and, (e) development of two concept map topics in each of the areas of earth 
science, life science, and physical science to be used to identify selected science 
misconceptions held by students enrolled in El. Ed. 449 The Teaching of 
Science. 
Questionnaire 
A self-report questionnaire (Appendix A) was prepared to elicit 
demographic information from ISU elementary education majors, as well as 
information on variables of interest in the study. Many of the variables of 
interest were suggested by the review of the literature. Members of the 
researcher's graduate committee reviewed the instrument and made 
suggestions for improvement. Some of their concerns involved clarity and 
comprehensiveness of items and, in one case, definition of a term. A revised 
questionnaire was constructed taking into account their suggestions. 
Prior to the final development of the questionnaire, there was an attempt 
by the researcher to determine if the data desired could be obtained from 
student records via computer files available from the ISU Admissions Office or 
from the ISU Office of Institutional Research. In both cases, the data obtained 
would have been incomplete and the costs prohibitive. Self-report data is open 
to the question of reliability. Pace (1985) reported test-retest correlations of 
mostly .96 to .99 for demographic items (p. 10). In addition, Pace (1985) stated 
that other authors concluded, "students' reports of their grades are about as 
useable as school-reported grades " (p. 12). Sawyer, Laing, and Houston (1988) 
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reported accuracies of .87 for courses and grades reported by college-bound 
students and concluded that the accuracy of student reporting of courses taken 
and grades received is sufficiently high to be useful in many contexts. Valiga 
(1986) supported previous research findings in his study when he concluded 
that student-reported information is reasonably accurate and valid (p. 13). 
Valiga (1986) reported nearly 95% accuracy when comparing students' 
responses with those obtained from high school transripts. 
ACT Science Reasoning Test 
The Science Reasoning Test (Appendix B) is a 35 minute multiple-choice 
test containing 40 items. The test measures the interpretation, analysis, 
evaluation, reasoning, and problem solving skills required in the natural 
sciences. Scientific information is conveyed in one of three formats: 1 ) data 
representation-graphic and tabular information; 2) research summaries-
descriptions of one or more related experiments: and, 3) conflicting viewpoints-
expressions of several hypotheses or views that are inconsistent with one 
another. The content of the test is drawn from biology, physics, chemistry, and 
the physical sciences (e. g., geology, astronomy, and meteorology). Background 
knowledge at the level of a high school general science course may be needed to 
answer some of the questions. Advanced mathematical skills are not required, 
but minimal arithmetic computations may be needed for some questions. The 
reading portion of the test was designed so that reading comprehension should 
not present difficulties. The test emphasizes science reasoning skills rather than 
recall of scientific content, skill in mathematics, or reading ability. 
55 
The Science Reasoning Test is based on and oriented toward major areas 
of secondary and postsecondary science instructional programs. Three sources 
of information were used to develop items. Published objectives for instruction 
for grades seven through twelve, state approved texts for grades seven through 
twelve, and secondary and postsecondary educators were sources that were 
used to determine the knowledge and skills taught in grades seven through 
twelve that were prerequisite to successful performance in post secondary 
courses. 
Revised Science Attitude Scale 
Thompson and Shrigley (1986) revised the Science Attitude Scale 
(Shrigley, 1974). The Revised Science Attitude Scale (Appendix C) contains 
twenty-two items, with a coefficient alpha of 0.89 and a range of adjusted item-
total correlations from 0.27 to 0.82. Of the twenty-two items on a Likert scale, 
ten are negative statements and twelve are positive statements. They declared 
the revised scale to be a reasonably valid and reliable instrument ready for use 
in assessing attitudes toward science teaching. 
Science Teaching Efficacv Belief Instrument Form B (STEBI B) 
Enochs and Riggs (1990) reported on the development of a valid and 
reliable instrument to measure the science teaching efficacy of preservice 
elementary teachers. Riggs' Science Teaching Efficacy Belief Instrument Form A 
(STEBI A) was modified from an inservice orientation to that of a preservice 
orientation (STEBI B-Appendix D). The STEBI A was a 5-choice, Likert-type 
scale for inservice teachers. 
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The STEBI A contained 25 statements of which 13 were positively written 
and 12 were negatively written. The coefficient alpha for the two scales in the 
instrument were 0.92 for the Personal Science Teaching Efficacy Belief Scale and 
0.77 for the Science Teaching Outcome Expectancy Scale. STEBI B was 
developed, in part, when the items were reworded in the future tense for the 
construct to be viewed in a different situational context. Enochs and Riggs 
(1990) reported that content validation was established by a panel of five 
science educators to ensure agreement in the new items in terms of their 
integrity with the constructs measured in STEBI A. The initial STEBI B 
consisted of 25 items in a Likert scale format with response categories of 
"strongly agree," "agree," "uncertain," "disagree," and "strongly disagree." 
Scoring was accomplished by assigning 5 to positively worded items receiving 
"strongly agree" down to 1 for "strongly disagree." Negatively phrased items 
had their scores reversed. 
Also, Enochs and Riggs (1990) reported on the reliability and validity of 
the STEBI B. The instrument was administered to 212 preservice elementary 
teachers in California and Kansas. The sample included 27 males and 184 
females. When a t-test was run, it was determined that the California and 
Kansas teachers did not differ significantly in their responses. The populations 
were assumed to be equivalent. Cronbach's alpha coefficient was used to assess 
reliability. Item-total item correlation was also determined. Factor analysis 
was used to determine construct validity. Confirmatory factor analysis was 
used to determine the construct validity of each hypothesized scale. Additional 
criteria for the establishment of validity included using Markle's Subject 
Preference Inventory (1978) and a study-specific questionnaire. 
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Enochs and Riggs (1990) reported reliability and validity data. Reliability 
analysis of the Personal Science Teaching Efficacy Scale produced an alpha 
coefficient of .90 with all 13 items obtaining a corrected item-total correlation of 
.49 and above. Factor analysis revealed that all 13 items loaded highly with 
their own scale. The Science Teaching Outcome Expectancy Scale produced an 
alpha coefficient of .76. The lowest correlated item-total correlation for an item 
from this scale was .30. Factor analysis results indicated that ten of the 12 
items loaded most highly with their own scale. Two of the items cross loaded 
and were removed from the instrument (thus, the initial 23 items were pared to 
23 items). Pearson correlations run on additionally collected self-report data 
produced positive correlations between both scales and students' number of 
college science courses taken, acceptance of responsibility for science teaching, 
opinion on how much time should be spent teaching science, advocacy of 
activity-based science instruction, subject preference as measured by the 
Subject Preference Inventory (Markle, 1978), and self-rating of effectiveness as 
a future teacher of elementary science. The number of high school science 
courses taken correlated only with the Personal Science Teaching Efficacy Belief 
Scale. A final analysis with the 23 items indicated that factor loadings and 
item-total item correlations changed very little and indicated the instrument 
contained homogeneous scales. 
' Concept maooing as an evaluation tool 
Novak and Gowin (1984) discussed methods for implementing the use of 
concept mapping in teaching, learning, and research. Specifically, they wrote, 
"Because they contain externalized expressions of propositions, we have 
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frequently found that concept maps are remarkably effective tools for showing 
misconceptions" (p. 20). Novak and Gowin continued. "Once students learn how 
to prepare concept maps, their maps can be used as powerful evaluation tools" 
(p. 23). 
Novak and Gowin (1984) wrote that, as is the case with all evaluation 
instruments, any scoring key for concept maps has a certain degree of 
subjectivity and arbitrariness inherent in it. However, they wrote,"To the 
extent that Ausubelian theory validly describes cognitive learning, and to the 
extent that our concept mapping procedures are consistent with these learning 
principles for achievement assessment, we believe the bias in our procedures is 
not deleterious" (p. 103). Concept maps may be said to have construct validity 
in terms of evaluation theory. The authors continued, "There is a 
correspondence between assessment of cognitive performance and what our 
theory predicts should be the cognitive organization resulting from meaningful 
learning" (p. 103). Novak and Gowin summarized their thoughts regarding the 
use and scoring of concept maps as evaluation tools as being at least as effective 
as most other evaluation approaches (1984. p. 108). 
Population and Samples 
An attempt was made to collect data from elementary education majors 
enrolled for courses during the spring 1991 semester (Table 1). Permission was 
requested from elementary education faculty members to use class time to 
administer the survey instruments to elementary education majors. Professors 
for the following elementary education courses were contacted: (a) El. Ed. 115 
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Table 1. ISU elementary education majors enrolled during the spring 1991 
semester by gender and classification 
Classification Males Females Total 
Freshmen 3 116 121 
Sophomores 21 176 197 
Juniors 21 232 233 
Seniors 42 348 390 
Total 89 872 961 
Freshman Orientation; (b) El. Ed. 213 Sophomore Orientation; (c) El. Ed. 243/268 
Strategies in Teaching; (d) El. Ed. 230 Education of the Exceptional Learner; 
(e) El. Ed. 313 Transfer Orientation; (f) El. Ed. 373 The Teaching of Reading; 
(g) El. Ed. 376 The Teaching of Language Arts; (h) El. Ed. 443 The Teaching of 
Social Studies; and, (i) El. Ed. 449 The Teaching of Science. In addition, 
elementary education majors student teaching during the spring 1991 semester 
were contacted through their student teaching supervisors. Permission to use 
class time was granted in cases where the professors' schedules permitted the 
use of approximately one hour of class time. ISU elementary education majors 
were asked to serve as voluntary participants in the study. A total of 213 ISU 
elementary education majors volunteered to participate in the study. 
Borg and Gall (1989) reported that nearly all educational research must 
be conducted with volunteer subjects. Conditions such as demands made on 
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the subjects, as well as legal and ethical constraints resulted in the authors' 
conclusion that ..it is virtually impossible to obtain the cooperation of all 
subjects selected by random sampling" (p. 227). They added the caveat, "We 
know that volunteer subjects are likely to be a biased sample of the target 
population..." (p.227). 
Data Collection 
Surveys were distributed and data collection activities were begun either 
using Department of Elementary Education class times or through mailings to 
student teacher supervisors during the spring 1991 semester. A cover letter to 
elementary education majors (Appendix E) and to student teacher supervisors 
(Appendix F) accompanied the data collection instruments to identify the 
purpose of the study, urged voluntary completion of the instrument, and 
reported confidentiality procedures. A self-addressed, stamped return 
envelope was enclosed for student teachers to return data collection 
instruments to the researcher. All surveys used in this study received approval 
from the Iowa State University (Committee on the Use of Human Subjects in 
Research (Appendix G). 
Demographic data were collected from Iowa State University elementary 
education majors by the use of a questionnaire. ISU elementary education 
majors were then asked to complete the Revised Science Attitude Scale, the 
Science Teaching Efficacy Belief Instrument Form B, and the ACTT Science 
Reasoning Test. Only those students enrolled in Elementary Education 449 The 
Teaching of Science were asked to create concept maps by which selected 
science conceptions/misconceptions were determined. Concept mapping was 
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limited to El. Ed. 449 students because time for instruction in concept mapping 
was needed and could be provided in this course. 
ISU elementary education majors enrolled in the course Elementary 
Education 449 The Teaching of Science during the spring semester 1991 were 
prepared for concept mapping in the following general manner (as 
recommended by Novak and Gowin, 1984, pp. 24-34): 
1. Students were introduced to the idea of a concept. 
2. It was explained that concept mapping is a way to help students 
learn meaningfully. 
3. It was explained that concept mapping is a way to extract specific 
concepts from oral or printed material and to identify relationships 
among those concepts 
4. It was explained that concept maps are a way to visualize concepts 
and hierarchical relationships between the concepts. 
3. Examples of concept maps were illustrated. 
6. Two lists of familiar words for objects and events were shown on an 
overhead projector, one list for objects and the other for events. 
7. Students were asked to describe what they think of when they hear 
some of the event terms and some of the object terms. 
8. Linking words such as "are, is, then" were shown on the overhead. 
Differences between linking words and concept words were discussed 
and it was explained that linking words are used with concept words 
to construct sentences with meaning. 
9. The distinction was explained between labels for regularities in 
events or objects and those for specific objects or events, i. e., proper 
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nouns. 
10. Using two concept words and linking words, a few short sentences 
were constructed to illustrate how humans convey meaning. 
11. Students were asked to construct a few short sentences of their 
own, identify the concept words and tell whether each is an object or 
an event, and the linking words. 
12. Short, but unfamiliar words, that stand for known concepts but 
have somewhat special meaning were introduced to illustrate the 
point that concept meanings are not rigid and fixed, but can grow and 
change as more is learned. 
13. A section of a textbook was duplicated and copies were given to 
students. Students were asked to read the passage and identify key 
concepts. Students were asked to note linking words and concept 
words less important to the story line. 
Students were given practice in constructing concept maps using the following 
procedures: 
1. Students were asked to read a duplicated copy of selected text 
material. They were asked to identify the key concepts, i. e., those 
concepts necessary for understanding the meaning of the text. The 
concepts were listed on the board as they were identified. Students 
were asked to identify the most important, most inclusive idea. 
2. A list of rank-ordered concepts from most to least inclusive (general 
to specific) concepts was developed and illustrated. Disagreements 
were accepted, because they illustrated the fact that there may be 
more than one way to see the meaning of the text. 
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3. The rank-ordered list was used to construct a hierarchical concept 
map. Students helped choose good linking words to form propositions 
shown by the lines on the map. 
4. Students were asked to look for cross links between concepts in one 
section of the map and concepts in another part of the map and to 
choose linking words. 
3. Reconstruction of the map was conducted to improve symmetry and 
to relocate more closely related concepts or clusters of œncepts. It 
was pointed out that this is sometimes needed to show a good 
representation of propositional meanings. 
6. Concept map scoring was discussed and the constructed concept 
map was scored. 
7. Students were asked to select a section of text on their own, 
individually or in groups, and repeat steps 1-6. 
8. Student constructed maps were presented to the class. 
9. Students were asked to construct a concept map for ideas important 
in a special interest they have. Some were selected to be posted 
around the classroom and discussed. 
10. Concept mapping questions were incorporated into the first class 
exam. 
After instruction was given, ISU elementary education majors enrolled in 
the course El. Ed. 449 The Teaching of Science for the spring 1991 semester 
were asked to construct a concept map on six selected science topics, two each 
from the areas of earth science, life science, and physical science . A list of 
concepts were provided for each topic from which students could initiate their 
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concept maps (Appendices H-M). Elementary education majors were told the 
general theme for each of the concept maps. Concept mapping procedures were 
modified after pilot testing. In this study, the purpose of concept mapping was 
to identify selected science misconceptions that elementary education majors 
possess. In an attempt to achieve the highest possible score, many elementary 
education majors created concept maps with a number of concepts not directly 
related to the general theme or science misconception of interest. The decision 
was made to place a time limit of eight minutes on the initial construction of 
each concept map. After initial construction, the concept maps were given 
to the researcher and the researcher inspected the concept maps to see if they 
addressed the science misconception of interest. When all students were given 
the opportunity to modify their concept maps, they were reminded of the 
general theme of each concept map in hopes they would address the science 
misconception of interest if they had not done so in their initial construction. 
The eight minute time limit modification on the initial concept map construction 
eliminated much of the extraneous material included in many of the concept 
maps and still provided enough time, along with the second chance opportunity 
to make modifications, for students to address the misconception of interest and 
illustrate understanding of relationships among the concepts. As recommended 
by Novak and Gowin (1984, p. 35), the students were given a second chance to 
redraw their maps to more explicitly show relationships and to improve their 
clarity. Differences between the first map constructed and modifications 
made, if any, were noted. When modifications were made, they were slight, i. e., 
the changes did not increase concept map scores dramatically and students did 
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not change their status in terms of possessing, or not possessing, the 
misconceptions of interest. 
Data Analysis 
After the survey instruments were completed and returned, they were 
coded and/or scored. The SPSSX statistical package was used to analyze results. 
Descriptive data were collected in order to provide answers to research 
questions 1-5. The Revised Science Attitude Scale was scored to answer 
research question 6. The STEBI B was scored to answer research question 7. 
The ACT Science reasoning test was scored to answer research question 8. 
Concept maps were scored according to Novak and Gowin (1984) and science 
misconceptions were identified in order to answer research question 9. Pearson 
correlations were calculated to answer research questions 10-13. One-way 
analysis of variance was used to arrive at conclusions regarding research 
questions 14-16. Regression was used to answer research question 17. 
Analysis of covariance was calculated to answer research questions 18-20. 
66 
CHAPTER IV. RESULTS 
Introduction 
Chapter IV presents the data collected and the interpretation of that 
data. Included are sections that present information: 1 ) about response rates 
from ISU elementary education majors; 2) collected from the demographics 
questionnaire; 3) obtained from the Revised Science Attitude Scale; 4) acquired 
from the Science Teaching Efficacy Belief Instrument Form B; 5) gathered from 
the ACT Science Reasoning Test; and, 6) about selected science misconceptions 
secured from student constructed concept maps. 
Response Rates 
Of the elementary education majors contacted directly using class time 
or indirectly using student teacher supervisors, 51% (213 of 419) responded by 
completing all or parts of the survey instruments. The total population 
consisted of 12.6% freshmen (121), 20.5% sophomores (197), 26.3% juniors 
(253), and 40.6% seniors (390). Table 2 indicates the number of elementary 
education majors that participated in this study by class. The sample consisted 
of 14.6% freshmen, 18.8% sophomores, 18.3% juniors, and 47.9% seniors. Table 
3 indicates the number of participants by gender. A gender breakdown of the 
total population shows that females represented 90.7% of the population (872 
of 961) and males represented 9.3% (89 of 961). The sample consisted of 89.2% 
females and 8.0% males (6 respondents did not indicate their gender). Response 
rates varied significantly from one elementary education course to another. In 
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Table 2. Frequencies, valid percentages of participating elementary 
education majors, and percentage of elementary education majors 
of that class enrolled during the spring 1991 semester by class 
(N-212a) 
Percentage of El. Ed. 
Classification Frequencies Valid Percentages Majors Enrolled 
Spring 1991 
Freshmen 31 14.6 25.6b 
Sophomores 40 18.9 20.3c 
Juniors 39 18.4 15.4d 
Seniors 102 48.1 26.29 
Total 212 100.0 22.1 
^Of the 213 respondents, one elementary education major did not 
indicate his/her classification. 
''Total freshmen elementary education major enrollment for spring 
1991-121. 
(Total sophomore elementary education major enrollment for spring 
1991-197. 
^Total junior elementary education major enrollment for spring 
1991-253. 
GTotal senior elementary education major enrollment for spring 
1991-390. 
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Table 3. Frequencies and valid percentages of participating elementary 
education majors, and percentage of elementary education majors 
enrolled during the spring 1991 semester by gender (N-207^) 
Percentage of El. Ed. 
Majors of that 
Gender Frequency Valid Percentage Gender Enrolled 
Spring 1991 
Male 17 8.0 19.1b 
Female 190 89.2 21.8C 
Total 207 100.0 
aOf the 213 respondents, six elementary education majors did not 
indicate their gender. 
bTotal male elementary education major enrollment for spring 
1991-89. 
(Total female elementary education major enrollment for spring 
1991-872. 
courses where the researcher was not allowed to use class time, but the course 
instructor indicated that elementary education majors in the course could 
volunteer to participate using their own time, response rates were quite low. 
Response rates averaged about twenty percent in courses where the instructors 
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of the courses did not discuss the importance of participation and the value of 
the research prior to the date of data collection. Courses in which the 
instructors discussed the importance of participation and the value of the 
research prior to data collection resulted in response rates of about sizty-eight 
percent. Twenty-three out of 107 student teachers responded for a response 
rate of 21.5%. 
Questionnaire Data 
This study used quantitative data collected from 213 ISU elementary 
education majors who were enrolled in elementary education classes during 
the spring 1991 semester. The first stage of data analysis consisted of 
computing descriptive statistics on demographic variables of interest 
(Appendix I). A generalized description of a "typical" respondent based on 
data from Tables 4-13 in Appendix I would be: (a) senior, female, 
approximately 22 years old; (b) ISU grade point average of about 2.90, not a 
transfer student, but if the student were a transfer student, the student's 
transfer grade point average was about 3.02; (c) overwhelmingly, the 
student's area of specialization or emphasis was listed as social studies 
(followed in order by English-language arts and then a tie between science 
and psychology); (d) traditional student who is an undergraduate; (e) self-
reported average interest in science (27.2 percent self-reported above average 
interest in science and 17.4 percent self-reported below average interest in 
science); and (f) has not taken a science methods course or student taught. 
At Iowa State University, elementary education majors must complete 
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twelve semester hours of science and mathematics distributed with a minimum 
of three hours in mathematics, three hours in biological sciences, and three 
hours in physical science. The remaining three hours may be a elected from 
one or more of the three areas. In addition, a three hour science methods 
course is required. For most students, science courses taken prior to meeting 
university requirements along with those science courses taken at the collegiate 
level constitute an elementary education major's formal science subject matter 
preparation. 
Tables 14-18 (Appendix J) present data on the number of high school 
science courses by science topic area, the number of high school science credits 
completed by study participants, high school science course grades, and high 
school science quality points. The high school science subject matter 
preparation of most elementary education majors at ISU includes science 
courses in two or more high school science topic areas (biology and chemistry 
being most frequently taken), averages nearly three high school science credits, 
and students average about a B or slightly higher than a 3.00 grade average 
(based on a 4.00 scale). Table 17 provides an indication of both number of 
courses and achievement in those courses by providing information on the 
number of high school science quality points (the sum of the products of course 
grade times number of credits). Table 18 provides more specific details on high 
school science grade point averages of ISU elementary education majors. 
Similarly, Tables 19-28 (Appendix K) provide data on college science 
courses completed, college science credits, biological and physical science 
courses taken at ISU or transferred to ISU, college science courses in which 
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elementary education majors were currently enrolled spring 1991, college 
science quality points, and college science grade point averages. More than 
one-half of the ISU elementary education majors surveyed had completed or 
were currently enrolled in Biology 109-Introductory Biology making it the most 
popular, in terms of frequency (frequency-122), biological science course 
followed by Zoology 153-Human Physiology and Anatomy (frequency-58). 
College science courses completed and currently enrolled frequencies among the 
physical sciences indicated that Meteorology 206-Introduction to Meteorology 
(frequency-45) and Geology 100-Geology and Man (frequency-36) were most 
popular. Mean grades in biological science courses completed ranged from 2.32 
to 4.00 (about C+ to A). Mean grades in physical science courses ranged from 
2.31 to 4.00 (about C+ to A). In most college science courses, the average grade 
was 2.67 (B-) or higher. Some of the college science courses completed 
represent college science courses taken when current elementary education 
majors were majoring in another area. Not surprisingly, most college science 
courses transferred to ISU represent introductory biological or physical science 
courses. Table 28 (Appendix K) provides specific information on college science 
grade point averages of ISU elementary education majors with the mean college 
science grade point average equal to 2.62 (about a B-). 
Attitude Toward Science Teaching 
Table 29 illustrates elementary education major respondents' attitude 
toward teaching science scores based on the use of the Revised Science 
Attitude Scale. The most positive attitude toward teaching science score would 
be represented by a score of 110, the most negative, by a score of 22, and a 
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Table 29. Frequency, valid percentages, and cumulative percentages of 
ISU elementary education majors revised science attitude scale 
scores» (N-213) 
Scored Frequency Valid Percent Cumulative Percent 
55 1 .5 .5 
58 2 .9 1.4 
59 1 .5 1.9 
61 4 1.9 3.8 
62 3 1.4 5.2 
63 2 .9 6.1 
64 3 1.4 7.5 
65 2 .9 8.5 
66 5 2.3 10.8 
67 . 4 1.9 12.7 
68 4 1.9 14.6 
69 2 .9 15.5 
70 2 .9 16.4 
71 5 2.3 18.8 
72 5 2.3 21.1 
73 2 .9 22.1 
74 9 4.2 26.3 
75 8 3.8 30.0 
76 7 3.3 33.3 
77 11 5.2 38.5 
78 7 3.3 41.8 
79 12 5.6 47.4 
80 10 4.7 52.1 
81 9 4.2 56.3 
BThe most positive attitude toward teaching science scale score is 110. 
^Mean score-80.7; standard deviation-10,7 
Table 29. (continued) 
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Score Frequency Valid Percent Cumulative Percent 
82 7 3.3 59.6 
83 4 1.9 61.5 
84 8 3.8 65.3 
85 10 4.7 70.0 
86 8 3.8 73.7 
87 3 1.4 75.1 
88 4 1.9 77.0 
89 5 2.3 79.3 
90 6 2.8 82.2 
91 5 2.3 84.5 
92 5 2.3 86.9 
94 1 .5 87.3 
95 4 1.9 89.2 
96 3 1.4 90.6 
97 2 .9 91.5 
98 7 33 94.8 
99 1 .5 95.3 
100 4 1.9 97.2 
101 1 .5 97.7 
102 1 .5 98.1 
103 1 .5 98.6 
105 1 .5 99.1 
106 1 .5 99.5 
109 1 .5 100.0 
Total 213 
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neutral response for each item would result in a score of 66. ISU elementary 
education majors had a mean score of 80.7 with a standard deviation of 10.7. 
As a group, this represents an average attitude toward teaching science score 
that reflects a slightly positive attitude toward teaching science. 
The Revised Attitude Toward Teaching Science Scale is made up of four 
subscales that are intended to represent attitude toward teaching science: 
(a) comfort/discomfort; (b) need; (c) equipment: and, (d) time. Frequency, 
valid percentages, and cumulative percentages for these subcomponents are 
illustrated in Tables 30-33 (Appendix L). Of the 22 total items that make up 
the Revised Science Attitude Scale, 9 make up the comfort/discomfort 
subcomponent, 3 make up the need subcomponent, 3 make up the equipment 
subcomponent, and 3 make up the time subcomponent. Mean scores on each of 
the subcomponents, indicates a slightly positive attitude toward teaching 
science by ISU elementary education majors. 
Science Teaching Efficacy 
As was mentioned in the literature review, science teaching efficacy is 
viewed as two independent expectancies: outcome expectancy, the belief that 
a behavior will or will not lead to a given outcome: and self-efficacy 
expectancy, the belief that a person is or is not capable of performing the 
required behavior. Table 34 and Table 33 depict outcome expectancy scale 
scores and self-efficacy scale scores, respectively, of participating ISU 
elementary education majors. 
The outcome expectancy scale score that represents the strongest belief 
is 30 (a score of 3 for each of the 10 items), the weakest belief score possible 
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Table 34. Frequency, valid percentages, and cumulative percentages of 
ISU elementary education majors outcome expectancy scores* 
(N-213) 
Scoreb Frequency Valid Percent Cumulative Percent 
25 1 .5 .5 
26 1 .5 .9 
27 3 1.4 2.3 
28 10 4.7 7.0 
29 9 4.2 11.3 
30 12 5.6 16.9 
31 8 3.8 20.7 
32 22 10.3 31.0 
33 13 6.1 37.1 
34 . 23 10.8 47.9 
35 19 8.9 56.8 
36 28 13.1 70.0 
37 20 9.4 79.3 
38 15 7.0 86.4 
39 11 5.2 91.5 
40 8 3.8 95.3 
41 3 1.4 96.7 
42 2 .9 97.7 
43 1 .5 98.1 
44 2 .9 99.1 
45 1 .5 99.5 
47 1 .5 100.0 
Total 213 
*An outcome expectancy scale score of 50 represents the strongest belief. 
^Mean score-34.5; standard deviation-3.848 
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Table 35. Frequency, valid percentages, and cumulative percentages of 
ISU elementary education majors self efficacy scores^ (N-213) 
Scoreb Frequency Valid Percent Cumulative Percent 
24 1 .5 .5 
25 1 .5 .9 
27 1 .5 1.4 
28 1 .5 1.9 
29 3 1.4 3.3 
31 3 1.4 4.7 
32 2 .9 5.6 
33 2 .9 6.6 
34 4 1.9 8.5 
35 1 .5 8.9 
36 4 1.9 10.8 
37 6 2.8 13.6 
38 8 3.8 17.4 
39 8 3.8 21.1 
40 15 7.0 28.2 
41 10 4.7 32.9 
42 9 4.2 37.1 
43 9 4.2 41.3 
44 7 33 44.6 
45 11 5.2 49.8 
46 14 6.6 56.3 
47 10 4.7 61.0 
48 15 7.0 68.1 
49 12 5.6 73.7 
50 8 3.8 77.5 
BThe most positive self efficacy scale score is 65. 
^Mean score-45.0: standard deviation-7.371 
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Table 35. (continued) 
Score Frequency Valid Percent Cumulative Percent 
51 9 4.2 81.7 
52 10 4.7 86.4 
53 6 2.8 89.2 
54 5 2.3 91.5 
55 5 2.3 93.9 
56 4 1.9 95.8 
58 1 .5 96.2 
59 2 .9 97.2 
60 2 .9 98.1 
61 2 .9 99.1 
64 1 .5 99.5 
65 1 .5 100.0 
Total 213 
is 10 (a score of 1 for each of the 10 items), and a score of 30 (a score of 3 for 
each of the 10 items) represents an uncertain outcome expectancy belief. The 
mean score for ISU elementary education majors was 34.3. a score that 
indicates a moderate belief that teacher behavior will or will not lead to a given 
outcome, i. e., behaviors will cause elementary students to learn science. 
Corresponding scores for the self efficacy scale using the same scoring 
system are; (a) 65 for the strongest belief; (b) 13 for the weakest belief; and, 
(c) 39 for an uncertain belief. ISU elementary education respondents had a 
mean score of 45.0 indicating a moderate belief that the average individual 
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is capable of performing behaviors that will result in a given outcome, i. e., 
student learning of science. 
Science Reasoning 
After presenting scientific information in various formats, the ACT 
Science Reasoning Test measures the interpretation, analysis, evaluation, 
reasoning, and problem solving skills required in the natural sciences by asking 
students to answer multiple choice questions. Used in this study, the science 
reasoning test score represents one more aspect of an elementary education 
major's subject matter preparation and is a reflection of achievement in 
science. In science, as in other subject matter areas, there is a need to develop 
higher order thinking skills along with building a solid conceptual base. 
Table 36 represents ACT Science Reasoning Test scores for participating 
elementary education majors. The mean science reasoning test score achieved 
by elementary education major study participants was 21.0 with a standard 
deviation of approximately 3.0. Scores ranged from 9 to 33 (maximum possible 
score was 36) indicating a wide range of abilities in elementary education 
majors' abilities to reason scientifically. According to The American College 
Testing Program's (1990) The ACT Assessment User Handbook, high school 
juniors and seniors who elected to take the Enhanced ACT Assessment on 
national test dates in 1989-90 had a mean score of 20.3 with a standard 
deviation of 4.4 and a standard error of measurement of about two scale score 
points (pp. 6-7). When compared to the 1989-90 norm group, the ISU 
elementary education mean score of 21.0 would have resulted in a cumulative 
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Table 36. ACT science reasoning score frequencies, valid percentages, 
cumulative percentages of elementary education majors enrolled 
spring 1991 (N-161®) 
Science 
Reasoning Scored Frequency Valid Percent Cumulative Percent 
9 1 .6 .6 
10 1 .6 1.2 
11 2 1.2 2.5 
13 1 .6 3.1 
14 6 3.7 6.8 
15 14 8.7 15.5 
16 3 1.9 17.4 
17 11 6.8 24.2 
18 15 9.3 33.5 
19 16 9.9 43.5 
20 7 4.3 47.8 
21 14 8.7 56.5 
22 14 8.7 65.2 
23 16 9.9 75.2 
24 6 3.7 78.9 
25 4 2.5 81.4 
26 4 2.5 83.9 
27 5 3.1 87.0 
28 8 5.0 91.9 
29 2 1.2 93.2 
&161 elementary education majors elected to take the ACT science 
reasoning test. 
^ACT science reasoning test mean-21.0: standard deviation-5.025 
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Table 36. (continued) 
Science 
Reasoning Scored Frequency Valid Percent Cumulative Percent 
30 4 2.5 95.7 
31 4 2.5 98.1 
33 1 .6 98.8 
35 2 1.2 100.0 
Total 161 
percent of 64, meaning 64% of the 1989-90 ACT-tested juniors and seniors had 
a Science Reasoning score of 21 or lower (consequently, 36% had a score of 22 
or higher). A conversation with Robert Bergmann of the ISU Office of 
Institutional Research yielded data useful for comparison purposes. He 
offered the caveat that the Science Reasoning scores available are scores taken 
by high school seniors that generally represent scores that will be lower than 
that of future ISU students that take the test as juniors. With this in mind, 
the mean score for students in the College of Education was 21.6 (N-24) and 
the mean score for all ISU freshmen that took the test was 23.9 (N-412). 
Science Misconceptions 
Concept mapping strategies were utilized to identify selected science 
misconceptions of ISU elementary education majors enrolled in the course. 
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Elementary Education 449 The Teaching of Science. Two concept maps on 
selected topics in each of the areas of earth science, life science, and physical 
science were constructed by elementary education majors. Earth science 
topics considered were the cause of seasons and the origin of soil. Life science 
topics utilized were the needs of seeds in order to germinate and adaptation. 
Physical science topics addressed were states of matter and the calorie as a 
measurement unit of energy. 
Each concept map was scored and the results appear in Tables 37-42 
(Appendix M). Variations in the depth of understanding of the various 
selected science topics was reflected by wide ranges in scores. It was the 
opinion of this researcher that if a student really understood the the topic, it 
was evident. Likewise, if the student did not have a clear understanding of 
the relationships among the concepts, it was evident. Additionally, students 
who had some knowledge but were unsure of their explanations of 
relationships among the concepts stood out as avoiding addressing the science 
misconception. 
Concept maps were checked to see if selected misconceptions were held 
by elementary education students. Table 43 summarizes the findings. Caution 
must be exercised when interpreting the data, i. e., the reader must do more 
than simply look at numbers in the "Possess Misconception" column, The 
footnotes indicate the number of students that did not address the 
misconception of interest. Possessing a misconception indicates an elementary 
education major has a conception of science that is an alternative conception 
to what is taught in science. Not addressing the misconception is significant 
because the student has not clearly indicated that he/she understands the 
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Table 43. Selected misconceptions held by ISU elementary education majors 
as revealed by concept mapping 
Frequency 
Possess Miscon. Not Possess Miscon. Misconception 
49® 4 Earth Science Concept Map 1: The cause 
of seasons on Earth is the distance from 
sun to Earth, e. g., summer occurs when 
the sun is closest to Earth 
Qb 14 Earth Science Concept Map 2: Soil has 
always existed, i. e., it is not derived 
from the weathering of some parent 
material 
6C 10 Life Science Concept Map 1: Seeds 
need soil to germinate 
11 10 Seeds need light to germinate 
26 10 Seeds need soil and light to germinate 
elementary education majors did not address this misconception on 
their concept map 
^43 elementary education majors did not address this misconception on 
their concept map 
<7 elementary education majors did not address this misconception on 
their concept map 
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Table 43. (continued) 
Frequency 
Possess Miscon. Not Possess Miscon. Misconception 
24^ 5 Life Science Concept Map 2: Adaptation 
by plants and animals is purposeful, 
i. e., adaptation is needed and pursued 
consciously 
496 8 Physical Science Concept Map 1: With 
reference to states of matter, plasma is 
not considered a state of matter along 
with solid, liquid, and gas 
35^ 16 Physical Science Concept Map 2: With 
reference to energy, calories are 
something to be "burned," i. e., calories 
are not a measurement unit for energy 
(^32 elementary education majors did not address this misconception on 
their concept map 
G2 elementary education majors did not address this misconception on 
their concept map 
^7 elementary education majors did not address this misconception on 
their concept map 
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relationships among concepts, i. e., the student has not indicated a conception 
of science that is in accord with accepted scientific thought. 
Figures 1-10 are representations of elementary education majors' 
concept maps. Figures 1 and 2 illustrate two different students' 
understanding of what causes the seasons on earth. The student who 
constructed the map depicted in Figure 1 recognizes that the sun-earth 
distance is not the cause. The student who constructed the map in Figure 2 
incorrectly states that seasons depend on the sun-earth distance. In all 
probability, the student is familiar with the reduction in energy as the distance 
from an energy source increases, e. g.. a campfire, and relates this to seasons. 
Figure 3 represents an accepted scientific conœption about the 
formation of soil. No elementary education majors constructed maps that 
suggested the misconception that soil has always existed. A large number of 
students constructed maps that did not address the misconception of interest, 
i. e., they did not address the issue of soil formation. 
Figures 4 and 3 address seed germination requirements. Figure 4 
suggests that seeds need light and soil to germinate (a misconception-Why are 
seeds planted under the soil surface if they need light?). Figure 3 suggests a 
scientifically acceptable conception of seed germination requirements. 
Figure 6 suggests, and this was confirmed in a follow-up interview, 
that the student that constructed this concept map possesses the science 
misconception that adaptation is something that is consciously pursued, rather 
than a particular environment favoring certain characteristics that are passed 
on to survivors. 
Figures 7 and 8 deal with the general topic of states of matter and. 
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CONCEPT MAP 1 - EARTH SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
sun seasons 
Earth daylight 
distance 
J'ki. 
•v+t-r 
Sum 
nof4KefA 
o r  f t r  
Figure 1. Concept map 1 - earth science 
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CONCEPT MAP 1 - EARTH SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
sun seasons 
Earth daylight 
distance 
disfAHce 
$ 
^rvufuKTs of 
Wt i^rer 
Figure 2. Concept map 1 - earth science 
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CONCEPT MAP 2 - EARTH SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
subsoil 
soil 
rocks 
topsoil 
weathering 
dooJn 
At.cor^poStx'i 
Figure 3. Concept map 2 - earth science 
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CONCEPT MAP 1 -LIFE SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
light temperature 
seed moisture 
soil germination 
growth 
Figure 4. Concept map 1 - life science 
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CONCEPT MAP 1 - LIFE SCIENCE 
Directions; Construct a concept map using the concepts listed below. 
temperature 
moisture 
germination 
growth 
<çeed 
fmmfi 
i/miM 
Figure 5. Concept map 1 - life science 
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CONCEPT MAP 2 - LIFE SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
adaptation predator 
prey survival of the fittest 
Figure 6. Concept map 2 
- life science 
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CONCEPT MAP 1 - PHYSICAL SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
atom gas 
liquid matter 
solid energy 
plasma vapor 
yapo 
Figure 7. Concept map 1 
- physical science 
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CONCEPT MAP 1 - PHYSICAL SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
atom 
liquid 
solid 
plasma 
gas 
matter 
energy 
vapor 
Uil 
y 
l/ÛLjOery^ 
Figure 8. Concept map 1 
- physical science 
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CONCEPT MAP 2 - PHYSICAL SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
heat 
energy 
temperature 
calorie 
energy 
O n e  
VAfdswrf« 
UG&tr 
'frotrmo hi 
rweaîw 
Figure 9. Concept map 2 - physical science 
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CONCEPT MAP 2 - PHYSICAL SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
heat 
energy 
temperature 
calorie 
UfAS 
aihr/ 
CFëmiX«rii>r^ ch 
^fp^our^e. 
Figure 10. Concept map 2 - physical science 
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more specifically the concept that plasma is a fourth state of matter. The 
student who constructed Figure 8 relates plasma to blood. 
Figures 9 and 10 address students' conception of "calorie" as it relates 
to energy measurement. One, correctly relates calorie as a measurement unit 
of energy. The student who constructed Figure 10 depicted calorie as 
something that is "burned" to provide energy. This student is probably 
familiar with calories as they relate to food. However, calories are not the 
energy source. 
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CHAPTER V. CONCLUSIONS AND RECOMMENDATIONS 
Introduction 
The purpose of this study was to investigate if the secondary school 
and undergraduate college level science content preparation of Iowa State 
University elementary education majors made a statistically significant 
difference on their achievement on a science achievement test, attitude 
toward teaching science, science teaching efficacy, and selected science 
misconceptions. In the final chapter of this study, the findings are summarized 
and discussed. Presented in this chapter are: 1 ) a discussion of the research 
questions; 2) implications of the research findings; 3) limitations of the study; 
and, 4) recommendations for further research. 
Discussion of the Research Questions 
What science courses have ISU elementary education majors taken in high 
school? 
Data presented in Table 16 (Appendix J, p. 213) indicate that of the 
elementary education majors surveyed nearly 87% took a high school biology 
course, about 26% completed a high school physics course, about 61% took a 
high school chemistry course, 33% completed a course in general science or 
physical science, and about 13% completed a course in earth science. Zeitler 
(1984) reported corresponding percentages of 93% for biology, 17% for physics, 
59% for chemistry, 42% for physical science, and 22% for earth science as 
percentages of preservice elementary teachers that had completed high school 
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science courses. Data from Tables 14 and 15 (pp. 209-211) suggest that 60.7% 
of the respondents took high school science courses in two or fewer science 
topic areas and about three-fourths of the respondents had 3 or fewer science 
credits. These data suggest that most ISU elementary education majors follow 
the typical high school sequence of taking biology and then chemistry. Two 
science credits satisfy most college entrance requirements and it appears it is 
at this point that most elementary education majors end their formal high 
school science preparation having completed one biological science course and 
one physical science course. 
What were the grades of ISU elementary education majors in these hiph school 
science courses? 
Table 18 (Appendix J. pp. 217-219) provides frequencies, valid 
percentages, and cumulative percentages of elementary education majors' high 
school science grade point averages. Respondents' mean high school science 
grade point was calculated to be 3.07 with a standard deviation of ,635. If a 
2.00 or C grade is considered average, then most elementary education majors 
do better than average (less than 10% had a 2.00 grade point average or lower). 
Nearly 17% of the respondents had high school science grade point averages 
more than one standard deviation from the mean. The value of using high 
school science grade point averages is arguable, but these data suggest that 
elementary education majors performed at what most would consider a 
satisfactory level of performance. 
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What science courses have ISU elementary education majors taken as 
undergraduates in college? 
Elementary education majors must take 3 hours of credit in biological 
science and 3 hours of credit in the physical sciences. This corresponds to 
data that Zeitler (1984) reported that preservice elementary teachers took 
about one course in the biological sciences and one course in the physical 
sciences. Table 21 (Appendix K, pp. 225-226) suggests that all of the 12 
biological science courses listed by the Elementary Education Advising Office as 
fulfilling department requirements were taken by at least one elementary 
education major. About 55% of the respondents have taken or are currently 
enrolled in an introductory biology course, Bio. 109-Introductory Biology. If 
another biological science course is elected, most respondents have selected Zoo. 
155-Human Physiology and Anatomy. The Elementary Education Advising 
Office lists 15 physical science courses as fulfilling department requirements 
(Table 22 - Appendix K, pp 227-228), Again, each was taken by at least one 
elementary education major. Courses elected in this area are much more evenly 
spread out than those in the biological science area. The most frequently 
elected physical science course completed or enrolled in is Introduction to 
Meteorolgy. About 21X of the respondents have completed or were enrolled 
spring 1991 in this course. 
It appears that elementary education majors elect to take a general 
biology course (Bio. 109) or one that appeals to them personally (Zoo. 155). 
Physical science course selections appear to based on personal interest or some 
other unidentified factors. Physical science course selections are more topic 
specific than the general biology course. 
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Were the science courses taken at ISU or were thev transferred from another 
four-vear institution or community college? 
Of the 213 respondents, 78 or36.6% of the total indicated they were 
transfer students. Biological and physical science course frequencies 
completed at ISU totaled 453 (Tables 21-22 - Appendix K, pp. 225-228). 
Biological and physical science course frequencies transferred to ISU totaled 99 
(Tables 23-24 - Appendix K, pp. 229-232). Transfer science courses represent 
17.9% of the total science course completed frequencies. 
What were the grades of ISU elementary education majors in these college 
science courses? 
Table 28 (Appendix K, pp. 242-245) summarizes ISU elementary 
education major respondents' college science grade point averages. The college 
science grade point mean was 2.62 (not quite B-) with a standard deviation of 
.693 and a range from .84 to 4.00. Tables 21, 22, 23. and 24 (Appendix K, pp. 
225-232) provide grade information from specific biological, physical, transfer 
biological, and transfer physical science courses, respectively. Transfer science 
grades were slightly higher than ISU science grades. About 25% of the 
elementary education majors had science grade point averages of 2.00 or lower 
while about 25% had grade point averages of 3.00 or higher. A generalization 
would be that grades were lower in physical science courses than in biological 
science courses. As a group, if a 2.00 or C is considered average, ISU elementary 
education majors are achieving at a level that is better than average. 
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What are the attitudes toward teaching science of ISU elementary education 
majors? 
In general, ISU elementary education majors surveyed demonstrated an 
attitude toward teaching science that may be described as slightly positive 
(Table 29. pp. 72-73). This differs somewhat from what was summarized in the 
review of the literature where most researchers reported negative attitudes 
toward science teaching by both preservice and inservice elementary teachers 
of science. On the Revised Science Attitude Scale, the most positive score is 
represented by a score of 110, the most negative attitude toward teaching 
science score is represented by a score of 22, and a neutral score is represented 
by 66. Elementary education majors' scores ranged from 55 (in the negative 
range) to 109 (strongly positive), with a mean score of 80.7 and a standard 
deviation of 10.7. Of 213 majors surveyed, 190 or 89.2% had attitude toward 
teaching science scores in the positive range. Tables 30-33 (Appendix L, pp. 
247-250) summarize four components of the Revised Science Attitude Scale. 
About 67% of the comfort/discomfort of teaching science attitude scores 
reflected a positive attitude. Nearly 97% of the basic need that American 
students have for science scores reflected positive attitudes. Almost 82% of the 
handling science equipment scores reflected a positive attitude. Approximately 
96% of the time required to prepare and teach science sub scale scores reflected 
positive attitudes toward teaching science. 
What are the science teaching efficacies of ISU elementary education majors? 
Table 34 (p. 75) shows science teaching outcome expectancy scores that 
ranged from 25 to 47, with a mean score of 34.5 and a standard deviation of 
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3.8, A belief score that would be classified as uncertain would equal 30. 
Approximately 83% of the elementary education majors' scores can be 
interpreted as the students' believe that teacher behaviors will lead to a given 
outcome, i. e„ the learning of science by elementary students. What the other 
17% of the elementary majors believe is unclear. Do they believe that 
elementary students will learn science no matter what the teacher does? Or, 
do they believe that a certain percentage of students are incapable of learning 
science regardless of what the teacher does? Or, do they share the belief that 
some students will learn science no matter what the teacher does and other 
students won't learn science no matter what the teacher does? 
Similarly, Table 35 (pp. 76-77) shows science teaching self efficacy scores 
that ranged from 24 to 65, with a mean score of 45.0 and a standard deviation 
of 7.4. A belief score that would be classified as uncertain would equal 39. 
Approximately 79% of the elementary education majors' scorcs can be 
interpreted as the students' believe that they are capable of performing the 
requisite behaviors that will result in elementary students learning science. 
Apparently, nearly one-fifth of the elementary education majors, at the time 
they took the Science Teaching Efficacy Belief Instrument Form B, did not feel 
they had the capabilities to perform the requisite behaviors that will result in 
student learning of science. This runs counter to the current philosophy of 
"science for all, " and "success for all. " Whether this reflects a belief that 
teachers are unable to affect the learning of science by some students or some 
students are incapable of learning is unclear. 
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What are the science achievement levels of ISU elementary education majors as 
measured bv the ACT Science Reasoning Test? 
A summary of the review of the literature suggested that there has been 
an apparent decline in teachers' achievement test scores. Table 36 (pp. 79-80) 
presents ACT Science Reasoning Test Scores for participating elementary 
education majors. Scores ranged from 9 to 35 with a mean of 21.0 and a 
standard deviation of about 5.0 (maximum score possible score is 36). As was 
mentioned in Chapter IV, the range of scores present indicates wide ranges in 
the ability of elementary education majors to reason scientifically. With the 
standard error of measure taken into account, achievement on the ACT Science 
Reasoning Test by elementary education majors was not different than the 
performance by high school juniors and seniors who elected to take the 
Enhanced ACT Assessment on national test dates in 1989-90. These data 
support Kennedy's (1990) contention that teacher's test scores are not very 
high. 
What are some of the science misconceptions held bv ISU elementarv education 
majors? 
Stepans, Dyche, and Beiswenger (1988), Crawley and Arditzoglou (1988), 
and Lawrenz (1986) reported on science misconceptions held by preservice and 
inservice elementary teachers. Data collected in this study confirms that 
selected science misconceptions are widely held by preservice elementary 
teachers. Table 43 (pp. 82-83) identifies science misconceptions of interest 
held by participants in this study. Misconceptions held by respondents 
involved seasons, seed germination requirements, adaptation, states of matter, 
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and energy measurement. These concepts were utilized because they are 
common topics in elementary science education programs. Most of the 
participants that were involved in the concept mapping phase of this study 
were seniors and had completed their formal science subject matter 
preparation. Their formal science content preparation had failed to address 
these misconceptions. 
Is there a relationship between the number of science courses taken and grades 
in the courses bv ISU elementarv education majors and their attitudes toward 
teaching science? 
Table 44 summarizes the relationships among science course 
backgrounds and achievement with attitude toward teaching science. There 
was a statistically significant relationship among attitudes toward teaching 
science and: ( 1 ) number of high school science course; (2) number of high 
school science credits; (3) number of high school quality points; (4) high school 
science grade point average; (3) number of college science courses, (6) number 
of college science credits; (7) college science quality points; (8) college science 
grade point average; and, (9) ACT Science Reasoning Test Score. These data 
tend to support Gabel's (1981) and and Taiwo's (1980) conclusion that the 
number of science courses may have a cumulative effect in pssibly influencing 
attitude. An alternative interpretation may be that students with more 
positive attitudes take more science courses. 
Although statistically significant, Hinkle, Wiersma, and Jurs (1988) 
classify correlations of .00 to .30 as little if any correlation and .30 to .50 as 
low positive correlation (p. 118). This classification scheme puts variables 1 
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Table 44. Relationships of science course background and achievement with 
attitude toward teaching science 
Attitude Toward Teaching Science 
Number of High School Science Courses .2357** 
Number of High School Science Credits .2400** 
High School Science Quality Points .3910*** 
High School Science Grade Point Average .3812*** 
Number of College Science Courses .3823*** 
Number of College Science Credits ,4102*** 
College Science Quality Points .4979*** 
College Science Grade Point Average .4752*** 
ACT Science Reasoning Test .4241 *** 
* p<.05 
**p<.01 
***p<.oai 
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and 2 listed above in the little if any correlation category and the rest of the 
variables in the low positive correlation category. The mostly highly correlated 
variable, college science quality points, with a correlation of .4979 has about 
23% of its variance associated with the variance in attitude toward teaching 
science. While there is statistical significance, the practical significance does not 
seem great in some of the correlations. 
Is there a relationship between the number of science courses taken and grades 
in the courses bv ISU elementarv education majors and their science teaching 
efficacy? 
Tables 43 and 46 present data showing the relationships computed 
among several variables and science teaching outcome expectancy and science 
teaching self efficacy, respectively. Number of college science courses and 
credits, as well as college science quality points and college science grade point 
average had statistically significant correlations with science teaching outcome 
expectancy,. Using the Hinkle, Wiersma, and Jurs (1988, p. 118) classification 
scheme, all four fall into the category of little if any correlation. Enochs and 
Riggs (1990) reported positive correlations between science teaching outcome 
expectancy and number of college science courses taken. The data seem to 
indicate that belief that certain behaviors will produce particular outcomes are 
not practically, although four were statistically, related to indicators of science 
course background and achievement. 
All the variables listed in Table 46 had statistically significant 
correlations with science teaching self efficacy. Enochs and Riggs (1990) 
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Table 45. Relationships of science course background and achievement with 
outcome expectancy 
Science Teaching 
Outcome Expectancy 
r 
Number of High School Science Courses .0724 
Number of High School Science Credits .0775 
High School Science Quality Points .0809 
High School Science Grade Point Average .0066 
Number of College Science Courses 2247** 
Number of College Science Credits .2196#* 
College Science Quality Points .2547*** 
College Science Grade Point Average .1970** 
ACT Science Reasoning Test .1012 
* p<.05 
'*p<.01 
•••p<.001 
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Table 46. Relationships of science course background and achievement with 
science teaching self efficacy 
Science Teaching Self Efficacy 
r 
Number of High School Science Courses .2285" 
Number of High School Science Credits .2481" 
High School Science Quality Points .3931*" 
High School Science Grade Point Average .3608*** 
Number of College Science Courses .3151*" 
Number of College Science Credits .3295"* 
College Science Quality Points .4010*" 
College Science Grade Point Average .3969*** 
ACT Science Reasoning Test .4134*" 
* p<.05 
"p<.01 
'"p<.00l 
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reported positive correlations between science teaching self efficacy and 
number of college science courses, as well as the number of high school science 
courses. Hinkle, Wiersma, and Jurs (1988, p. 118) would put high school and 
college science quality points, high school and college science grade point 
averages, number of college science courses and credits, and ACT Science 
Reasoning Test score in the category of low positive correlation. The other 
variables listed would be categorized as little if any correlation. It does seem 
reasonable that factors that are indicators of science subject matter preparation 
would enhance science teaching self efficacy. 
Is there a relationship between the number of science courses taken and grades 
in the courses bv ISU elementarv education majors and their achievement on 
the ACT Science Reasoning Test? 
The relationships of science background and achievement variables 
with ACT Science Reasoning Test scores are illustrated in Table 47. Low 
positive correlations (Hinkle, Wiersma, and Jurs, 1988) existed between the 
Science Reasoning Test scores and number of high school science credits, high 
school and college science quality science points, and high school and college 
science grade point averages. There was little if any correlation between ACT 
Science Reasoning Test scores and number of high school science courses and 
number of college science credits. All of these variables had statistically 
significant correlations with ACT Science Reasoning Test scores. There was not 
a statistically significant correlation between ACT Science Reasoning Test scores 
and number of college science courses. 
109 
Table 47. Relationships of science course background and achievement with 
ACT science reasoning test scores 
ACT Science Reasoning Test 
r 
Number of High School Science Courses .2112** 
Number of High School Science Credits .3001*** 
High School Science Quality Points .4601*** 
High School Science Grade Point Average .4743*** 
Number of College Science Courses .1518 
Number of College Science Credits .2542** 
College Science Quality Points .3876*** 
College Science Grade Point Average .4978*** 
* p<.05 
**p<.01 
•"p<.001 
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Is there a relationship between the number of science courses taken and 
grades in the courses bv ISU elementary education majors and the science 
misconceptions that thev hold? 
Tables 48-50 (Appendix N. pp. 260-262) illustrate relationships among 
science course background variables and concept map scores and number of 
misconceptions on selected earth, life, and physical science topics. Table 48 
shows statistically significant correlations existed between the earth science 
concept map one score and number of college science courses (low positive 
correlation), number of college science credits (moderate positive correlation), 
and college science quality points (moderate positive correlation). There were 
low positive correlations between the earth science concept map two score and 
number of college science credits, college science quality points, and college 
science grade point average. 
Table 49 (p. 261) depicts relationships among science course background 
variables and life science concept map scores and number of life science 
misconceptions. Statistically significant correlations existed but using the 
Hinkle, Wiersma, and Jurs (1988, p. 118) classification scheme, the correlations 
that were significant would be classified as either "little if any correlation" or 
"low positive or negative correlation." Little if any positive correlations existed 
between the life science concept map one score and the number of high school 
and college science credits and high school science grade point average. Low 
positive correlations existed between the life science concept map one score 
and high school and college science quality points and college science grade 
point average. Ideally, there would be negative correlations between the 
number of science misconceptions held and the science course background 
I l l  
variables, i. e., elementary education majors with more extensive science 
backgrounds should have fewer science misconceptions. Statistically 
significant correlations existed between the number of life science 
misconceptions on concept map one and the number of college science credits 
(little if any correlation), college science quality points (low negative 
correlation), and college science grade point average (low negative 
correlation). 
Low positive correlations existed between the life science concept map 
two scores and the number of college science credits and the number of 
college science quality points. 
Table 30 (p. 262) illustrates that there were more statistically significant 
correlations among physical science concept map scores and numbers of 
physical science misconceptions held and science course background 
variables than there were among the corresponding earth and life science 
variables. This may be more the result of the specific concepts selected, 
rather than a generalization that can be applied to all comparisons of the 
earth, life, and physical sciences. Again, the statistically significant correlations 
range from the little if any correlation to the moderate correlation ranges. 
A synthesis of the data presented in Tables 44-46 reveals that each of 
the science background variables, i. e., number of courses, credits, quality 
points, and science grade point average at the high school and college levels 
yielded significant correlations with either the concept map scores or the 
number of misconceptions identified. College level science background 
variables yielded more significant correlations than did high school level 
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science background variables (27 compared to 11). Concept map scores yielded 
more significant correlations than did numbers of misconceptions identified 
(29 compared to 9). Stepans, Dyche, and Beiswenger ( 1988) concluded that 
there was a statistically significant relationship between physical science 
misconception test scores and the number of college physics courses 
completed. 
Are there statistically significant differences in the attitudes toward science 
teaching of ISU elementary education majors who are at different stages of 
completing their science content préparation requirements? 
Table 51 uses data collected and groups elementary education 
respondents into 3 classes. Group 1 represents respondents that haye 
completed 3 or 4 semester credits or perhaps have completed 1 college science 
course. Group 2 represents those that have completed 3 or 6 semester credits 
and have completed or nearly completed minimum science requirements if the 
credits are distributed between biological and physical science and they elect to 
take 6 credits of mathematics. Group 3 includes students that have completed 
more than 6 and up to 8 college science credits. Based on elementary education 
requirements, it can be argued that these students have elected to take more 
science than math if they follow minimum requirements. Group 4 includes 
students that have completed 9 semester credits of science and have satisfied 
elementary education requirements. Group 5 represents students that have 
completed more than 9 college science credits and perhaps represent students 
that like science. Caution must be exercised in data interpretation because the 
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Table 51. College science credit groups frequencies, valid percentages, and 
cumulative percentages (N-202B) 
Group Frequency Valid Percent Cumulative Percent 
1-One course 
possibly^ 38 18.8 18.8 
2-Done with 
science possibly^ 40 19.8 38.6 
3-Science over 
math*^ 36 17.8 56.4 
4-Finished with 
science® 38 18.8 75.2 
5-Like science^ 50 24.8 100.0 
Total 202 
aOf the 213 respondents, this grouping represents 202 of the 
respondents. 11 students reported 0 science credits. 
^This group consists of students with 3 or 4 credits in science. 
(This group consists of students with 5 or 6 credits in science. 
(^This group consists of students with more than 6 credits and up to 8 
credits in science. 
®This group consists of students with 9 credits in science. 
^This group consists of students with more than 9 credits in science. 
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groupings are not necessarily mutually exclusive. For example, elementary 
education majors just beginning their college careers might like science but 
may have completed just 3 credits. 
Table 32 uses collected data and represents the SPSSX output of a 
oneway attitude by college scienos credit groups procedure. There were 
statistically significant differences in attitude toward teaching science means 
among the groups of elementary education majors as classified according to the 
the number of college science credits completed. A Scheffe procedure at the 
.03 level denoted Group 1 was significantly different than Groups 2,3. and 3, 
and Group 4 was significantly different than Group 3. At the .01 level, Groups 
1 and 3 were significantly different, as were Groups 4 and 3 Groups 1,3, 
and 3 represent what many science educators would like to see. i. e., an increase 
in positive attitude toward teaching science as the number of college science 
credits completed increases. However, Groups 2 and 4 represent the opposite 
scenario of what science educators would like to see. The group means suggest 
that a different grouping scheme, one that would classify students in groups 
where the credits completed are 4 or less, 3 to 9, and more than 9 could 
produce the result that as college science credits completed increases, so does 
the attitude toward teaching science. 
Are there statistically significant differences in the scignce teaching efficacies of 
ISU elementary education majors who are at different stages of completing 
their science content préparation requirements? 
Table 33 uses data collected in this study and represents the SPSSX 
output of a oneway analysis of variance procedure using outcome expectancy 
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Table 52. Oneway analysis of variance: attitude toward teaching science with 
college science credit groups 
Sum of Mean F F 
Source D. F. Squares Squares Ratio Prob. 
Between Groups 4 4133.7970 1033.4493 10.8025 .0000" 
Within Groups 197 18846.6039 95.6680 
Total 201 22980.4010 
*p<05 
**p<.01 
"'p<.001 
Group Count Mean S. D. S. E. 
Grp 1 38 73.8 8.4 1.4 
Grp2 40 81.9 8.4 1.3 
Grp 3 36 81.1 12.4 2.1 
Grp 4 38 79.2 9.5 1.5 
Grp 5 50 87.3 9.9 1.4 
Total 202 81.1 
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Table 53. Oneway analysis of variance: science teaching outcome expectancy 
with college science credit groups 
Sum of Mean F F 
Source D. F. Squares Squares Ratio Prob. 
Between Groups 4 122.3300 
Within Groups 197 2806.7027 
Total 201 2929.2327 
•p<.05 
"p<.01 
*"p<.001 
30.6325 2.1501 .0761 
14.2472 
Group Count Mean S. D. S. E. 
Grpl 38 33.5 3.3 .5 
Grp 2 40 34.8 3.5 .6 
Grp 3 36 33.9 3.6 .6 
Grp 4 38 34.7 3.4 .5 
Grp 5 50 35.6 4.6 .6 
Total 202 34.6 
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scores and college science credit groups. A Scheffe procedure at the .05 level 
indicated that no two groups were significantly different at this level, i. e., the 
researcher could not show a statistically significant difference among the college 
science credit groups and their science teaching outcome expectancy. 
Table 54 represents the SPSSX output of a oneway analysis of variance 
procedure using science teaching self efficacy scores and college science 
credit groups. A Scheffe procedure at the .05 level indicated that Group 1 was 
statistically different than Groups 2,3. and 5. At the .01 level. Groups 1 and 5 
were statistically different. A different grouping scheme, i. e., one that would 
put students into groups of 4 college science credits or less, 5 to 9 credits, and 
10 or more credits might show that as college science credits Increase, so do 
science teaching self efficacy scores. However, the grouping scheme utilized in 
this study did not indicate this straightforward interpretation. 
Are there statisticallv significant differences in the science achievement of ISU 
elementarv education majors who are at different stages of comoietine their 
science content préparation requirements? 
For the purposes of this study, science achievement was defined as the 
ACT Science Reasoning Test score. Table 55 presents a representation of 
SPSSX output that used data collected from elementary education majors. A 
Scheffe procedure indicated that no two groups were significantly different at 
the .05 level. The researcher could not show a difference among the college 
science credits groups and their ACT Science Reasoning Test scores. 
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Table 54. Oneway analysis of variance: science teaching self efficacy 
expectancy with college science credit groups 
Sum of Mean F F 
Source D. F. Squares Squares Ratio Prob. 
Between Groups 4 1540.0548 385.0137 8.3697 .0000" 
Within Groups 197 9062.1234 46.0006 
Total 201 10602.1782 
'p<.05 
•*p<.01 
"*p<.001 
Group Count Mean S. D. S. E. 
Grp 1 38 40.5 5.4 .9 
Grp2 40 45.7 6.9 1.1 
Grp 3 36 45.7 7.5 1.3 
Grp 4 38 44.5 6.8 1.1 
Grp 5 50 48.9 7.0 1.0 
Total 202 45.3 
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Table 55. Oneway analysis of variance: ACT science reasoning test score with 
college science credit groups 
Sum of Mean F F 
Source D. F. Squares Squares Ratio Prob. 
Between Groups 4 257.1495 64.2874 2.6290 .0366 
WithinGroups 154 3765.8442 24.4535 
Total 158 4022.9937 
•p<.05 
"p<.01 
*"p<.001 
Group Count Mean S. D. S. E. 
Grp 1 18 18.8 4.7 1.1 
Grp2 33 20.7 4.8 .8 
Grp 3 30 20.7 4.5 .8 
Grp 4 32 20.3 4.5 .8 
Grp 5 46 22.8 5.6 .8 
Total 159 21.0 
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Is it possible to predict a person's science teaching efficacy if their attitude 
toward science teaching, science course background, and science achievement 
are known? 
Table 36 represents SPSSX output from a regression problem utilizing 
data for science teaching outcome expectancy, attitude toward teaching 
science, ACT Science Reasoning Test scores, number of college science courses 
completed, number of college science credits, college science quality points, and 
college science grade point average. The background and achievement . 
variables were entered using a stepwise procedure. An individual's attitude 
toward teaching science is the best predictor for a person's science teaching 
outcome expectancy. All the other variables listed were not statistically 
significant predictors. Table 57 represents data computed when science 
teaching self efficacy was substituted for science teaching outcome expectancy 
and the other variables remained the same. Once again, an individual's attitude 
toward teaching science is the best predictor for a person's science teaching 
self efficacy expectancy. All the other variables listed were not statistically 
significant predictors. 
Are there statisticallv significant differences between traditional and non-
traditional ISU elementarv education majors' attitudes toward teaching 
gÇjgflÇg? 
Analysis of covariance using SPSSX procedures was used to provide an 
answer to this research question. The number of college science credits was 
used as a covariate. Table 38 represents a portion of the SPSSX output. The 
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Table 56. SPSSX regression output for science teaching outcome expectancy 
Variable B Beta R Square F 
Attitude .091317 .24664 .06083 9.97487 
(constant) 27.466618 
covariate was significant. Once the effects of the covariate were removed, 
there was not a statistically significant difference in the attitudes toward 
teaching science of traditional and non-traditional ISU elementary education 
majors. 
Are there statistically significant differences between traditional and non-
traditional ISU elementary education majors' .science teaching efficacies? 
SPSSX analysis of covariance procedures were used to provide an 
answer to this research question. The number of college science credits was 
used as a covariate. A portion of the SPSSX output for science leaching 
outcome expectancy is represented in Table 59. The effects of the covariate, 
number of college science credits, was not significant. The researcher could 
not show that there was not a statistically significant difference in the science 
teaching outcome expectancies of traditional and non-traditional ISU 
elementary education majors. In a similar fashion, the data presented in Table 
60 represents output for science teaching self efficacy. The effects of number of 
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Table 57, SPSSX regression output for science teaching self efficacy 
expectancy 
Variable B Beta R Square F 
Attitude .586040 .850818 .72389 403.75218 
(constant) -2.181479 
Table 58. Partial SPSSX analysis of covariance output for attitude toward 
teaching science by traditional/nontraditional status with 
number of college science credits 
Sum of Mean Sig. 
Source of Variation Squares DF Square F of F 
Covariates 2143.791 1 2143.791 22.134 .000 
No. CoU. Sci. Cr. 2143.791 1 2143.791 22.134 .000 
Main Effects 123.541 1 123.541 1.276 .261 
Nontr. 123.541 1 123541 1.276 .261 
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Table 59. Partial SPSSX analysis of covariance output for science teaching 
outcome expectancy by traditional/nontraditional status with 
number of college science credits 
Sum of Mean Sig. 
Source of Variation Squares DF Square F of F 
Covariates 45.518 1 45.18 3.129 .079 
No. Coll. Sci. Cr. 45.518 1 45.18 3.129 .079 
Main Effects 43.156 1 43.156 2.967 .087 
Nontr. 43.156 1 43.156 2.967 .087 
Table 60. Partial SPSSX analysis of covariance output for science teaching 
self efficacy expectancy by traditional/nontraditional status with 
number of college science credits 
Sum of Mean Sig. 
Source of Variation Squares DF Square F of F 
Covariates 645.208 1 645.208 13:316 .000 
No. Coll. Sci. Cr. 645.208 1 645.208 13316 .000 
Main Effects 46.582 1 46.582 .961 .328 
Nontr. 46.582 1 46.582 .961 .328 
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college science credits was significant. Once the effects of the covariate were 
removed, the researcher could not show that there was a statistically significant 
difference in the science teaching self efficacies of traditional and non-
traditional ISU elementary education majors. 
Are there statistically significant differences between traditional and non-
traditional ISU elementary education majors' science achievement? 
In this study, science achievement was defined as the score on the ACT 
Science Reasoning Test. Once again, SPSSX analysis of covariance procedures 
were used to formulate an answer to this research question with number of 
college science credits serving as the covariate (Table 61). The effects of the 
covariate were significant. Once the effects number of college science credits 
were, removed, the researcher could not show that there was a statistically 
significant difference in the science achievement of traditional and non-
traditional ISU elementary education majors. 
Implications of the Research Findings 
Table 62 presents a summary of the research questions and the findings 
of this study. Chapters I and II extensively reviewed problems associated with 
science education in general, and elementary science education specifically. One 
concern that has been expressed by scientists, educators, government officials, 
and the general public is the science subject matter preparation of elementary 
teachers of science. This study investigated the science subject matter 
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Table 61. Partial SPSSX analysis of covariance output for science achievement 
by traditional/nontraditional status with number of college science 
credits 
Sum of Mean Sig. 
Source of Variation Squares DF Square F of F 
Covariates 265.908 1 265.908 11.744 .001 
No. Coll. Sci. Cr. 265.908 1 265.908 11.744 .001 
Main Effects 56.014 1 56.014 2.474 .118 
Montr. 56.014 1 56.014 2.474 .118 
preparation of Iowa State University elementary education majors. 
Formal science content preparation includes high school science course 
work. Most elementary education majors at ISU take high school biology and 
chemistry and their achievement, i. e., grades, are satisfactory (3.07 CPA). At 
the college level, ISU elementary education majors fulfill the requirement of 
taking at least 3 credit hours of both biological and physical science. In fact, 
most take more science credits than this. Again, their grades in these courses 
are satisfactory (2.62 CPA). Numbers of college science credits, properly 
distributed, constitute the science subject matter requirements of most 
universities, including Iowa State University. 
ISU elementary education majors satisfy their science subject matter 
requirements if they want to graduate. Are there other important 
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Table 62. Summary of research questions and conclusions 
Research Question Study Findings 
High School Science Courses 87% biology; 61% chemistry; 33% general or 
physical science; 26% physics; 13% earth 
science 
High School Science Grades 
College Science Courses 
high school science mean grade-3.07: 
biology mean-3.14; chemistry mean-3.01; 
gen./phys. mean-3.09; physics mean-3.23: 
earth science mean-3.31 
most frequent biological science courses were 
Intro, to Bio. and Human Phys. and Anat.; most 
frequent physical science courses were Intro, 
to Mtr. and Geol. and Man 
ISU Science Courses or 
Transfer Science Courses 
College Science Grades 
Attitude Toward Teaching 
Science 
Science Teaching Efficacy 
433 science courses completed at ISU; 99 
science courses completed at other 
universities or community colleges 
college science grade point mean-2.62 
range from slightly negative to strongly 
positive: mean was slightly positive 
most expect certain behaviors to produce 
desirable outcomes but only slightly so; 
most believe in their own ability to perform 
such behaviors but only slightly so 
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Table 62. (continued) 
Research Question Study Findings 
ACT Science Reasoning Test mean score-21.0; student teacher mean 
score-23.9; not student teacher mean score-
20.7; (entering freshmen College of Ed. mean 
score-21.6: ISU entering freshmen mean 
score-23.9) 
Selected Misconceptions 
Held 
Relationship Between Science 
Courses Completed and Grades 
and Attitude Toward Teaching 
Science 
Relationship Between Science 
Courses Completed and Grades 
and Science Teaching Efficacy 
the earth-sun distance causes seasons; seeds 
need soil and light to germinate; adaptation is 
purposeful; plasma is not considered a fourth 
state of matter; calories are something to be 
"burned" rather than an energy unit 
statistically significant correlations existed 
between attitude toward teaching science and: 
number of high school and college science 
courses completed; number of high school and 
college science credits completed; high school 
and college science quality points; high school 
and college science grade point averages; and 
ACT Science Reasoning test score 
statistically significant correlations existed 
between outcome expectancy and; number 
of college science courses and credits; college 
science quality points; college science GPA 
statistically significant correlations existed 
between self efficacy and: number of high 
school and college science courses and credits; 
high school and college science quality points 
and GPAs 
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Table 62. (continued) 
Research Question Study Findings 
Relationship Between Science 
Courses Completed and Grades 
and ACT Science Reasoning 
Test Score 
statistically significant correlations existed 
between the ACT Science Reasoning test score 
and; number of high school science courses; 
number of high school and college science 
credits; high school and college science quality 
points; high school and college science CPAs 
Relationship Between Science statistically significant correlations existed 
Courses Completed and Science between: earth science concept map one 
Misconceptions Held score and number of college science courses, 
credits, and college science quality points; 
earth science concept map two score and 
number of college science credits, college 
science quality points, and college science CPA; 
life science concept map one score and number 
of high school and college credits, high school 
and college science quality points, high school 
and college science GPAs; number of life science 
one misconceptions held and number of college 
science credits, college science quality points, 
college science CPA (all negative); life science 
concept map two score and number of college 
science credits, college science quality points, 
and college science CPA; physical science 
concept map one score and number of high 
school and college science courses, number of 
high school and college science credits, high 
school and college science quality points, and 
college science CPA; number of physical 
science concept map one misconceptions and 
college science courses, credits, quality points, 
college science CPA (all negative); physical 
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Table 62. (continued) 
Research Question Study Findings 
science concept map two score and number 
of high school and college courses, credits, 
quality points, and high school and college 
GPAs; number of physical science concept map 
two misconceptions and number of high school 
science courses and college science CPA (both 
negative) 
Differences in Attitude Toward statistically significant differences existed 
Teaching Science With among science credit groups but it was not a 
Different Science Credits simple relationship of more courses, more 
positive attitude 
Differences in Science Teaching no statistically significant differences existed 
Efficacy With Different Science between college science credit groups and 
Credits outcome expectancy 
statistically significant differences existed 
between college science credit groups and 
self efficacy 
Differences in Science no statistically significant differences existed 
Achievement on the kCT between college science credit groups and 
Science Reasoning Test their ACT Science Reasoning test scores 
Scores 
Predict Efficacy if Attitude. attitude toward teaching science in the best 
Science Course Background, predictor: the other variables were not 
and Achievement are Known significant predictors 
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Table 62. (continued) 
Research Question Study Findings 
Differences in Traditional no statistically significant differences existed 
and Non-traditional Students' 
Attitudes Toward Science 
Teaching (Covariate-Science 
Credits) 
Differences in Traditional no statistically significant differences existed 
and Non-traditional Students' 
Science Teaching Efficacies 
(Covariate-Science Credits) 
Differences in Traditional no statistically significant differences existed 
and Non-traditional Students' 
Science Achievement 
(Covariate-Science Credits) 
considerations? ISU elementary education majors have an attitude toward 
teaching science that is only marginally positive. ISU elementary education 
majors' science teaching outcome expectancies and self efficacy expectancies 
could be improved. Science achievement, as measured by the ACT Science 
Reasoning Test, is comparable to that of a high school junior or senior taking 
the ACT in 1989-90. Concept mapping exercises suggested that science 
misconceptions are widely held by study participants and that most majors do 
not have a deep, flexible understanding of science concepts. There were 
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statistically significant correlations among some science course background 
variables and attitudes toward teaching science, science teaching efficacy, 
science achievement, and selected science misconceptions but most of these 
would be interpreted by Hinkle, Wiersma, and Jurs (1988, p. 118) as being little 
if any correlation or low correlations. Results were inconsistent when students 
at different stages of their science subject matter preparation had their 
attitudes, efficacies, and achievement compared. There were no statistically 
significant differences when traditional and non-traditional elementary 
education majors were compared with respect to attitude, efficacy, and 
achievement. 
The implications of this research are that elementary science teacher 
preparation can be improved. My specific suggestions are; 
1. To improve science subject matter understanding, address 
misconceptions, and improve science achievement, a sequence of 
courses should be designed specifically to meet the needs of 
elementary education majors. 
2. The sequence of courses should represent a balance of topics from 
the biological, physical, and earth sciences (3 credit hours from each 
of these areas). The courses should be activity based. 
3. Science teacher education, i. e., the elementary science methods course, 
needs to address more than science content and teaching methods. 
Because science teaching behavior is based on attitude toward teaching 
science and science teaching efficacy, efforts should be made to 
improve attitudes and strengthen efficacies. 
4. The merits of specialized science preparation for future elementary 
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teachers of science should be considered by teacher preparation 
institutions and licensing agencies. Perhaps it is an unreasonable 
expectation that ail future elementary teachers will obtain the 
knowledge, skills, and affective attributes required to be an 
outstanding elementary science teacher. Specialized preparation 
is currently allowed in certain areas, e. g., vocal music. 
Limitations 
The interpretation of data resulting from this study must be made with 
the following limitations in mind: 
1. Measurement error is a relevant issue in studies of this nature. 
Because some of the data collected was self-report data, some 
respondents may have given inaccurate information. It was 
assumed that ISU elementary education majors answered honestly 
and to the best of their ability. 
2. The generalizability of results to other populations may be limited 
because only ISU elementary education majors were used. 
Recommendations for Further Research 
Additional studies need to be conducted that investigate the science 
content preparation of elementary education majors. An important part of any 
science content preparation research would be to monitor changes over time in 
undergraduate students and to be able to more directly identify cause and 
effect relationships. Follow-up studies using elementary education graduates 
that are actively involved in elementary science teaching should be initiated to 
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determine the effects of science content preparation on teaching behaviors and 
how the elementary science curriculum is affected. Elementary science teacher 
preparation goals have been identified, there needs to be research done on how 
to best achieve these goals. 
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ISU ELEMENTARY EDUCATION MAJOR SCIENCE CONTENT 
PREPARATION RESEARCH PROJECT QUESTIONNAIRE 
Directions: Please provide the information requested by writing your 
responses on these pages. 
DEMOGRAPHIC INFORMATION: 
1. Research id. number: 
(to be filled in by researcher) 
2. Age: 3. Sex (circle one) M F 
4. Today's date: 
5. Current classification (please circle one): Fr. Soph. Jr. Sr. Grad. 
6. ISU overall grade point average (GPA): 
7. If you are a transfer student, what grade point average did you transfer 
to ISU? 
8. If you are an undergraduate student, please indicate your area of 
specialization, emphasis, and/or minor: 
area of specialization/emphasis: 
minor: 
9. If you are a graduate student, please indicate your undergraduate 
major(s) and/or minor(s): 
major(s): 
minor(s): 
10. A "non-traditional" student is defined as: "a student that is 25 years 
old or older and enters a community college or university with a break 
of one year or more from the time of graduation from an approved 
secondary school." 
By this definition, do you consider yourself to be a non-traditional student? 
(circle one) Yes No 
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11. Please rate your interest in science according to the following 5 point 
scale: 
very interested average interest no interest 
(circle one) 1 2 3 4 5 
12. If you circled 1 or 2 on question 11, please indicate evidence for doing so 
(evidence might include: science related hobbies, regular and consistent 
visits to science museums, science fair projects, taking more than the 
required number of science courses.... ). 
13. Please indicate your status as far as completing a science methods course 
(at ISU. this course is El Ed 449-The Teaching of Science). 
• have not taken the course • currently enrolled in the course 
• completed the course • took a similar course at a 
different college 
14. Please indicate your status as far as student teaching is concerned: 
• have not student taught 
• currently student teaching 
• have completed student teaching. 
SCIENCE CONTENT INFORMATION: 
15. Please indicate the science content courses that you have completed at 
ISU by checking the square and your grade point in the courses by 
writing the grade point in the blank using the following scale: 
A-4.00 A-3.67 B+-3.33 B-3.00 B-2.67 C+-2.33 
C-2.00 C-1.67 D+-1.33 D-1.00 D-.67 F-0.00 
Biological Sciences 
a. • Biol 109-Intro Bio b. • Biol 110-Prin Biol 
c. • Bot 102-Biol Plants d. • Bot 202-Field Bot 
e. • Bot 207-Gen Bot f. • Zool 155-Human Phys 
& Anat 
155 
g. • Zool 156-Lab Human h. • !Zool 258-Human 
Phys & Anat Reproduct 
i. • Ent 211-Insects & j. • F&N 107-Human 
Society Nutrition 
k. • Hort 121 -Home Hort 1. • Hort 221 -Prin Hort 
m. others (please indicate course number, title, grade point, and credits); 
gQWfgg number çQurg? titte PQint crédit? 
Physical Sciences 
a. • S&H 111-El Phy Sci I b. • Anthro 202-Intro 
c. • Astro 120-Sky & d. • Astro 150-Stars & 
Solar System Galaxies 
e. • Chem 160-Chem in f. • Che m 163-Gen Che m 
Mod Society 
g. • Chem 164-Gen Chem h. • Geol 100-Geol & Man 
i, • Geog 202-Physical j. • Mteor 206-Intro 
Geog Meteor 
k. • Phys 101 -Phys for 1. • Phys 106-Phys of 
Nonscientist Common Experience 
m. • Geol 101 -Earth in n. • Geol 102-History 
Crisis of the Earth 
0. • Geol 103-The Global Water Cycle 
p. others (please indicate course number, title, grade point, and credits); 
course number ççyrw tUk gfitdg PQint ctfidlls 
16. Please indicate the college science content courses that you have 
transferred to ISU by writing the course numbers, course titles, your 
grade point, and credits using the scale listed above. 
ÇQurgg mumbfr wvrw tUte grade point çrfdit; 
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17. Please identify with course numbers, course titles, and credits any 
college science content courses that you have not completed but in 
which you are currently enrolled: 
course number COUrsc title crédits 
18. Please Identify the high school science content courses that you 
completed by writing the name of the courses, your approximate grade 
or grade point average in the courses, and the number of credits the 
courses were worth (e. g.. a typical high school biology course that meets 
everyday for 2 semesters is worth 1 credit). 
course name aooroiimate grade ^credits 
THANK YOU! 
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APPENDIX B: ACT SCIENCE REASONING TEST 
PLEASE NOTE 
Copyrighted materials in this document have 
not been filmed at the request of the author. 
They are available for consultation, however, 
in the author's university library. 
1 5 8 - 1 7 1  
University Microfilms International 
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SCIENCE AHITUDE SCALE 
(from Thompson & Shrigley, 1986) 
Please indicate the degree to which you agree or disagree with each statement 
below by circling the appropriate letters to the right of each statement. 
SA-strongly agree A-agree N-neutral D-disagree SD-strongly disagree 
1.1 will feel uncomfortable teaching science. SA A N D SD 
2. The teaching of science processes is important in 
the elementary classroom. SA A N D SD 
3.1 fear that I will be unable to teach science 
adequately. SA A N D SD 
4. Teaching science takes too much time. SA A N D SD 
5.1 will enjoy the lab/hands on time when I teach 
science. SA A N D SD 
6.1 have a difficult time understanding science. SA A N D SD 
7.1 feel comfortable with the science content in the 
elementary school curriculum. SA A N D SD 
8.1 would be interested in working on an 
experimental science curriculum. SA A N D SD 
9.1 dread teaching science. SA A N D SD 
10.1 .am not afraid to demonstrate science 
phenomena in the classroom. SA A N D SD 
11.1 am not looking forward to teaching science 
in my elementary classroom. SA A N D SD 
12.1 will enjoy helping students construct science 
equipment. SA A N D SD 
13.1 am willing to spend time setting up equipment 
for a lab. SA A N D SD 
14.1 am afraid that students will ask me questions 
that I can not answer. SA A N D SD 
15. Science is as important as the 3 R's. SA A N D SD 
16.1 enjoy manipulating science equipment. SA A N D SD 
17. In the classroom. I fear science experiments 
won't turn out as expected. SA A N D SD 
18. Science would be one of my preferred subjects 
to teach if given a choice. SA A N D SD 
19.1 hope to be able to excite my students about 
science. SA A N D SD 
20. Teaching science takes too much effort. SA A N D SD 
21. Children are not curious about scientific matters. SA A N D SD 
22.1 plan to integrate science into other subject 
areas. SA A N D SD 
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APPENDIX D: SCIENCE TEACHING EFFICACY BELIEF 
INSTRUMENT FORM B 
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f igure B 
SIEBI FORM B (Final Instrument) 
Please indicate the degree to which you agree or disagree with each statement 
below by circling the appropriate letters to the right of each statement. 
SA = STRONGLY AGREE 
A = AGREE 
UN = UNCERTAIN 
D = DISAGREE 
SD = STRONGLY DISAGREE 
1. When a student does better than usual in science, it SA A UN D SD 
is often because the teacher exerted a little extra 
effort. 
2. I will continually find better ways to teach science. SA A UN D SD 
3. Even if I try very hard, I will not teach science as SA A UN D SD 
well as I will most subjects. 
4. When the science grades of students improve, it is SA A UN D SD 
often due to their teacher having found a more 
effective teaching approach. 
5. I know the steps necessary to teach science concepts SA A UN D SD 
effectively. 
6. I will not be very effective in monitoring science SA A UN D SD 
experiments. 
7. If students are underachieving in science, it is most SA A UN D SD 
likely due to ineffective science teaching. 
8. I will generally teach science ineffectively. SA A UN D SD 
9. The inadequacy of a student's science background can SA A UN D SD 
be overcome by good teaching. 
10. The low science achievement of some students cannot SA A UN D SD 
generally be blamed on their teachers. 
11. When a low-achieving child progresses in science, it SA A UN D SD 
is usually due to extra attention given by the 
teacher. 
12. I understand science concepts well enough to be SA A UN D SD 
effective in teaching elementary science. 
13. Increased effort in science teaching produces little SA A UN D SD 
change in some students' science achievement. 
1 4  
1 5  
16 
1 7  
18 
1 9  
20 
21 
22 
2 3 ,  
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Page 2 
The teacher is generally responsible for the SA A UN D SD 
achievement of students in science. 
Students * achievement in science is directly related SA A UN D SD 
to their teacher's effectiveness in science teaching. 
If parents comment that their child is showing more SA A UN D SD 
interest in science at school, it is probably due 
to the performance of the child's teacher. 
I will find it difficult to explain to students why SA A UN D SD 
science experiments work. 
I will typically be able to answer students' SA A UN D SD 
science questions. 
I wonder if I will have the necessary skills to SA A UN D SD 
teach science. 
Given a choice, I will not invite the principal to SA A UN D SD 
evaluate my science teaching. 
When a student has difficulty understanding a science SA A UN D SD 
concept, I will usually be at a loss as to how to 
help the student understand it better. 
When teaching science, I will usually welcome SA A UN D SD 
student questions. 
I do not know what to do to turn students on SA A UN D SD 
to science. 
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APPENDIX B: COVER LETTER TO ISU ELEMENTARY 
EDUCATION MAJORS 
IOWA STATE UNIVERSI TY College of Education Department of Curriculum and Instruction 
N157 Lagomarcino Hall 
Ames, Iowa 50011-3190 
515 294-7603 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
March I, 199 1 
Dear Elementary Education Major: 
We know how busy you are, but we need your help! In an effort to 
improve the science content portion of the Elementary Teacher 
Preparation Program at Iowa State University, we are seeking 
information from you. In order to ensure that the results are 
representative of ISU elementary education majors, it is important 
that each questionnaire and instrument is completed and returned 
to us (directly if the tasks are completed during one of your class 
times or indirectly through the mail in a self-addressed, stamped 
envelope) . 
It is estimated that it will take about 3 minutes to complete the 
attitude instrument, 5 minutes to complete the efficacy instrument, 
5 minutes to complete the questionnaire, and 35 minutes to complete 
the science reasoning instrument. Your voluntary participation in 
this phase of our study would be appreciated! The data collected 
will be used for a dissertation. Results of this study will be 
drawn upon to make recommendations and set strategies when determining 
how to best prepare elementary education majors to teach science. 
All information collected will be kept confidential. No individual 
will be identified in any reports. A research number has been 
assigned to you for correlation purposes. All data will be coded 
and analyzed at ISU. Results will be reported in terms of group 
summarizations, not individual responses. No individuals will be 
singled out, nor will the results be used to exclude students from 
any program or opportunities. All surveys will be destroyed when 
the data have been summarized into group form. 
Thank you in advance for your time and participation in this study. 
Sincerely, 
K e n n e t h  W .  T h o m p s o n  
Principal Researcher 
Elementary Education 
Dr . Gary Downs 
Professor and Chair 
Curriculum and Instruction 
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APPENDIX F: COVER LETTER TO STUDENT TEACHER 
SUPERVISORS 
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April 11. 1991 
Dear ISU Student Teacher Supervisor: 
We need your help in seeking information from ISU elementary education 
student teachers! In an effort to improve the science content portion of the 
Elementary Teacher Preparation Program at Iowa State University, we are 
attempting to obtain information from all elementary education majors. 
Majors that are currently student teaching represent a part of the population 
in which we are particularly interested. In order to ensure that the results 
are representative of ISU elementary education majors, it is important that 
each questionnaire and instrument is completed and returned to us (through 
the mail in the self-addressed, stamped envelopes). This study is part of a 
dissertation. 
In each 9x12 envelope (one per student teacher), is a packet of materials 
that contains an atttiude toward teaching science instrument, a science 
teaching efficacy instrument, a questionnaire, the ACT Science Reasoning 
Test, and an answer sheet for the science reasoning test. It is estimated that 
it will take about 3 minutes to complete the attitude instrument, 5 minutes 
to complete the efficacy instrument, 5 minutes to complete the 
questionnaire, and 33 minutes to complete the science reasoning instrument. 
Student teacher participation is voluntary, but we hope that student teachers 
will be made aware of the value of this study and will feel obligated to 
complete the survey instruments because results of this study will be drawn 
upon to make recommendations and set strategies when determining how to 
best prepare elementary education majors to teach science. 
Student teachers may be assured of complete confidentiality. Their 
evaluation as students teachers will not be affected if they decide not to 
participate. No individual will be identified in any reports. Each form has a 
research number that will be used for correlational purposes. All data will 
be coded and analyzed at ISU. Results will be reported in terms of group 
summarizations. not individual responses. No individuals will be singled out. 
nor will the results be used to exclude students from any program or 
opportunities. 
Please take the time to distribute the materials to each student teacher that 
you supervise and have the student teachers complete the materials and 
return them in the self-addressed, stamped envelope as soon as possible. 
We would like to have the materials returned by April 24,1991. 
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Thank you in advance for your time and participation in this study. 
Sincerely, 
Kenneth W. Thompson I Dr. Gary Downs 
Principal Researcher Professor and Interim Dept. Chair 
Elementary Education Elementary Education 
cc: Dr. Gary Downs 
Dr. Joan McKay 
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APPENDIX G: HUMAN SUBJECTS APPROVAL FORM 
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Information for Review of Involving Human Subjects 
Iowa Slate University 
(Please type end use the attached Instructions for completing this form) 
An investigation of the science content preparation of Iowa 
2. t agrée ICI provide Uic proper surveillmcc of tliis project to insure that the rights and welfare of the human subjects are 
protected. 1 will report any adverse reactions to the committee. Additions to or changes in research procedures after the 
project has been approved will be submitted to thecommitteeforrcvicw. I agree to request renewal of approval for any project 
continuing more than one year. / ^ 
Kenneth Wayne Thompson 2/14/91 
Typed iN'ame of Principal Invcitiguor D«ie Signature of Pr^cipal Invesugaior \ 
Elemijntarv Education (C&I) N0l6 Lagomarcino 4-1740 
Dcpamnoii Campus Address Campus Telephone 
3. Signatures of other investigators . Date Relationship to Principal Investigator 
_ -•3...2/14/91 . mqior protesgpr 
<7 
4. Principal Invcstigator(s) (check all that apply) 
• Faculty 0 Staff 0 Graduate Student • Undergraduate Student 
^ECE/% 
5. Project (check all that apply) 
• Research Q Thesis or dissertation • Class project O Independent Study (490.590, Honors project) 
6. Number of subjects (complete all that apply) 
# Adults, non-students up + ^  # ISU student # minors under 14 other (explain) 
1000 # minors 14-17 
7. Brief description of proposed research involving human subjects: (See instructions, Item 7. Use an additional page if 
needed.) The formal science content preparation of el. ed, majors will be 
investigated to explore the relationships between secondary and college 
science content preparation and science achievement, attitude toward 
teaching science, science teaching efficacy, selected misconceptions, and 
other demographic variables. Instruments used to gather data will include 
Riggs' & Enochs' Science Teaching Efficacy Belief Instrument Form B, 
Thompson's i- Shrigley's Revised Science Attitude Scale, the ACT Science 
Reasoning Test, student constructed concept maps, and a demographics 
Questionnaire. An attempt will be made to survey all el. ed. majors 
enrolled in classes Spring 91. 
(Please do not send research, thesis, or dissertation proposals.) 
8. Informed Consent: Q Signed informed consent will be obtained. (Attach a copy of your form.) 
[2 Modified informed consent will be obtained. (Sec instructions, item 8.) 
D Not applicable to this project. 
(implied by subject's completion of survey instruments) 
9. ConridoniLility of Data: Describe below ih(; be u$ed to eii tirp the conHdentiality of data obiained, (See 
itwirucuons,item9) fo individual 'viTl he i d e n t i i i e d  i n  a n y  reports. Names 
are requested only to verify individuals as el. ed, majors 
Al] data will be coded and analyzed at ISU. Results will be reported 
in terns of f^roup summarizations, not individual responses. Only 
the principal investigator and his major professor will have access 
to the raw data. 
10. What risks or discomfort will be part of the study? Will subjects in the research be placed at risk or incur discomfort? 
Dcscribc any risks to the subjects and precautions that will be taken to minimize them. (The concept of risk goes beyond 
physical risk and includes risks to subjects' dignity and sclf-respect as well as psychological or emotional risk. See 
instructions, item 10.) 
Risks or discomfort are not intended to be a part of the study. No 
individual will be excluded from any program or opportunities 
based on their responses. Participants will be informed of this. 
11. CHECK ALL of the following that apply to your research: 
• A. Médical clcarancc nccessary before subjects can participate 
• B. Samples (Blood, tissue, etc.) from subjects 
• C. Administration of substances (foods, drugs, etc.) to subjects 
O D. Physical exercise or conditioning for subjects 
• E. Deception of subjects 
• F. Subjects under 14 years of age and/or • Subjects 14-17 years of age 
• G. Subjects in instiuitions (nursing homes, prisons, etc.) 
• H. Research must be approved by another institution or agency (Attach letters of approval) 
If you checked any of (he items in 11, please complete (be following in (be space below (include ."jiy attachments); 
Items A • D Describe the procedures and note the safety precautions being taken. 
Item E Describe how subjects will be deceived; justify the deception; indicate the debriefing procedure, including 
the timing and information to be presented to subjects. 
Item F For subjects under the age of 14, indicate how informed consent from parents or legally authorized repre­
sentatives as well as from subjects will be obmined. 
Items G & H Specify the agency or institution that must approve the project. If subjects in any outside agency or 
ir<;tiUJiion are involved, approval must be obtained prior to beginning the research, and the letter of approval 
should be filed. 
/ 1 85 
Las t  Name  o f  P r inc ipa l  I nves t i ga to r  •Phnmpgnn  
Checklist for Attachments and Time Schedule 
The following are attached (please check): 
12. [x] Letter or written statement to subjects indicating clearly: 
a) purpose of the research 
b) the use of any identifier codes (names, #'s), how they will be used, and when they will be 
removed (see Item 17) 
c) an estimate of time needed for participation in the research and the place 
d) if applicable, location of the research acdvity 
e) how you will ensure confidentiality 
f) in a longitudinal study, note when and how you will contact subjects later 
g) participation is voluntary; nonparticipadon will not affect evaluations of the subject 
13. • Consent form (if applicable) 
14. Q Letter of approval for research from cooperating organizations or institutions (if applicable) 
15.[2 Data-gathering instruments. 
16. Anticipated dates for contact with subjects: 
First Contact 
3/8/91 or as soon as possible 
after getting approval 
Month / Day / Year 
Last Contact 
4./I9/9I is probably the last 
possible contact (hopefully» 
Month I  Day / Year 
much sooner than this) 
17. If applicable: anticipated date that identifiers will be removed firom completed survey instruments and/or audio or visual 
tapes will be erased: 
probably not applicable, but when dissertation is approved 7/12/91 
18. s'i 
mi 
Month / Day / Year 
if Departmental Executive Officer Date Department or Administrative Unit 
3% L 
19. Decision of the University Human Subjects Review Committee: 
Project Approved Project Not Approved No Action Required 
Pa t r i c i a  M.  Ke i th  
Name of Committee Chairperson 
/ 
Date Signature of Committee Chairperson 
GC: l /90  
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APPENDIX H: CONCEPT LISTS FOR EARTH. LIFE. AND 
PHYSICAL SCIENCE 
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CONCEPT MAP 1 - EARTH SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
sun seasons 
Earth daylight 
distance 
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CONCEPT MAP 2 - EARTH SCIENCE 
Directions; Construct a concept map using the concepts listed below. 
subsoil topsoil 
soil weathering 
rocks 
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œNCEPTMAP 1 -LIFE SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
light temperature 
seed moisture 
soil germination 
growth 
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CONCEPT MAP 2 - LIFE SCIENCE 
Directions: Construct a concept map using the concepts listed below. 
adaptation predator 
prey survival of the fittest 
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CONCEPT MAP 1 -PHYSICALSCIENCE 
Directions: Construct a concept map using the concepts listed below. 
atom gas 
liquid matter 
solid energy 
plasma vapor 
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CONCEPT MAP 2 - PHYSICAL SCIENCE 
Directions; Construct a concept map using the concepts listed below. 
heat temperature 
energy calorie 
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APPENDIX I: ISU ELEMENTARY EDUCATION MAJOR 
DEMOGRAPHIC INFORMATION 
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Table 4. Age frequencies and valid percentages of elementary education 
majors enrolled for classes spring 1991 (N-212^) 
Ageb Frequency Valid Percent 
17 1 .5 
18 13 6.1 
19 27 12.7 
20 41 19.3 
21 38 17.9 
22 36 17.0 
23 12 5.7 
24 9 4.2 
25 5 2.4 
26 3 1.4 
27 3 1.4 
28 1 .5 
29 2 .9 
30 5 2.4 
32 2 .9 
33 4 1.9 
34 3 1.4 
35 1 .5 
36 1 .5 
38 2 .9 
43 2 .9 
45 1 .9 
Total 212 100.0 
%f the 213 respondents, one elementary education major did not 
indicate their age. 
^Mean reported age-22.5; standard deviation-4.7 
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Table 3. Frequencies, valid percentages, and cumulative percentages of ISU 
elementary education majors' grade point averages (N-2013) 
ISU GPAb Frequency Valid Percent Cumulative Percentage 
1.30 1 .5 .5 
1.50 1 .5 1.0 
1.80 1 .5 1.5 
1.90 1 .5 2.0 
1.92 1 .5 2.5 
2.00 3 1.5 4.0 
2.07 1 .5 4.5 
2.08 1 .5 5.0 
2.09 2 1.0 6.0 
2.10 1 .5 6.5 
2.15 2 1.0 7.5 
2.20 5 2.5 10.0 
2.22 1 .5 10.4 
2.25 ' 2 1.0 11.4 
2.30 3 1.5 12.9 
2.32 1 .5 13.4 
2.33 2 1.0 14.4 
2.38 1 .5 14.9 
2.39 1 .5 15.4 
2.40 7 3.5 18.9 
2.42 1 .5 19.4 
2.44 1 .5 19.9 
2.48 1 .5 20.4 
2.50 10 5.0 25.4 
%f the 213 respondents, twelve elementary education majors did not 
report their ISU grade point averages. 
^Mean GPA-2.90: standard deviation-.534 
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Table 5. (continued) 
ISU CPA Frequency Valid Percent Cumulative Percentage 
2.53 1 .5 25.9 
2.55 1 .5 26.4 
2.56 3 1.5 27.9 
2.57 2 1.0 28.9 
2.58 3 1.5 30.3 
2.59 3 1.5 31.8 
2.60 3 1.5 33.3 
2.63 1 .5 33.8 
2.65 2 1.0 34.8 
2.66 1 .5 35.3 
2.67 1 .5 35.8 
2.69. 2 1.0 36.8 
2.70 8 4.0 40.8 
2.73 1 .5 41.3 
2.75 3 1.5 42.8 
2.76 1 .5 43.3 
2.78 2 1.0 44.3 
2.79 1 .5 44.8 
2.80 4 2.0 46.8 
2.83 1 .5 47.3 
2.86 2 1.0 48.3 
2.87 3 1.5 49.8 
2.88 1 .5 50.2 
2.89 1 .5 50.7 
2.90 3 1.5 52.2 
2.91 2 1.0 53.2 
2.92 I .5 53.7 
2.93 1 .5 54.2 
2.94 1 .5 54.7 
2.98 2 1.0 55.7 
2.99 2 1.0 56.7 
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Tables, (continued) 
ISU CPA Frequency Valid Percent Cumulative Percentage 
3.00 6 3.0 59.7 
3.01 1 .5 60.2 
3.02 2 1.0 61.2 
3.05 2 1.0 62.2 
3.07 1 .5 62.7 
3.08 3 1.5 64.2 
3.10 6 3.0 67.2 
3.12 1 .5 67.7 
313 1 .5 68.2 
3.15 2 1.0 69.2 
3.17 2 1.0 70.1 
3.19. 2 1.0 71.1 
3.20 2 1.0 72.1 
3.24 1 .5 72.6 
3 25 1 .5 73.1 
3.29 1 .5 73.6 
3.30 3 1.5 75.1 
3.31 1 .5 75.6 
3.32 1 .5 76.1 
3.33 3 1.5 77.6 
3.34 1 .5 78.1 
3.40 8 4.0 82.1 
3.41 1 .5 82.6 
3.42 1 .5 83.1 
3.45 1 .5 83.6 
3.47 1 .5 84.1 
3.48 1 .5 84.6 
3.50 2 1.0 85.6 
3.51 2 1.0 86.6 
3.55 2 1.0 87.6 
3.56 1 .5 88.1 
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Table 3. (continued) 
ISU CPA Frequency Valid Percent Cumulative Percentage 
3.61 1 .5 88.6 
3.64 1 .5 89.1 
3.65 1 .5 89.6 
3.67 2 1.0 90.5 
3.69 1 .5 91.0 
3.70 3 1.5 92.5 
3.79 1 .5 93.0 
3.80 5 2.5 95.5 
3.84 1 .5 96.0 
3.88 1 .5 96.5 
3.90 1 .5 97.0 
3 96 1 .5 97.5 
3.98 1 .5 98.0 
4.00 4 2.0 100.0 
Total 201 
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Table 6. Frequencies, valid percentages, and cumulative percentages of ISU 
elementary education majors' transfer grade point averages 
(N-78a) 
Transfer GPA^ Frequency Valid Percent Cumulative 
Percentage 
170 1 1.3 1.3 
2.00 I 1.3 2.6 
2.01 1 1.3 3.8 
2.10 3.8 7.7 
2.20 1 1.3 9.0 
2.27 1 1.3 10.3 
2.30 5.1 15.4 
2.32 I 1.3 16.7 
2.39 1 1.3 17.9 
2.40 1 1.3 19.2 
2.46 1 1.3 20.5 
2.50 2.6 23.1 
2.55 1 1.3 24.4 
2.61 1 1.3 25.6 
2.67 1 1.3 26.9 
2.68 1 1.3 28.2 
2.70 5.1 33.3 
2.75 1 1.3 34.6 
2.80 3.8 38.5 
2.83 1 1.3 39.7 
2.90 2 2.6 42.3 
®Qf the 213 respondents, 135 did not report a transfer grade point 
average. 
^Mean transfer GPA-3.02: standard deviation-.586 
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Table 6. (continued) 
Transfer CPA Frequency Valid Percent Cumulative 
Percentage 
2.98 1 1.3 43.6 
2.99 1 1.3 44.9 
3.00 9 11.5 56.4 
3.10 2 2.6 59.0 
3.11 2 2.6 61.5 
3.20 3 3.8 65.4 
3.23 1 1.3 66.7 
3.24 1 1.3 67.9 
3.31 1 1.3 69.2 
3.35 1 1.3 70.5 
3.40 1 1.3 71.8 
3.41 1 1.3 73.1 
3.50. 4 5.1 78.2 
3.60 2 2.6 80.8 
3.75 I 1.3 82.1 
3.80 6 7.7 89.7 
3.82 1 1.3 91.0 
3.86 1 1.3 92.3 
3.87 1 1.3 93.6 
4.00 5 6.4 100.0 
Total 78 
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Table 7. Frequencies and valid percentages of areas of specialization, 
emphases, majors, or minors of ISU elementary education majors 
enrolled spring 1991 (N-193^) 
Area of specialization, emphasis, 
major, or minor Frequency Valid Percent 
Science 14 7.3 
Mathematics 13 6.7 
Social Studies 50 25.9 
English-Language Arts 15 7.8 
Reading 4 2.1 
Foreign Language 11 5.7 
Health 11 5.7 
Special Education 3 1.6 
Art 4 2.1 
Psychology 14 7.3 
Health-Special Education 2 1.0 
Foreign Language-Special Education 2 1.0 
Special Ed.-English-Psychology 1 .5 
Special Education-Social Studies 5 2.6 
Special Education-P. E. 1 .5 
Mathe matics-Reading 2 1.0 
Mathematics-Special Education 4 2.1 
Science-Reading 2 1.0 
Speech-Theatre 1 .5 
History 3 1.6 
Computer App. in Education 1 .5 
Foreign Lang.-Reading-Language Arts 1 .5 
Physical Education 3 1.6 
Sociology 3 1.6 
^Of the 213 respondents, 20 did not indicate an area of specialization, 
emphasis, major, or minor. 
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Table?, (continued) 
Area of specialization, emphasis, 
major, or minor Frequency Valid Percent 
Special Education-Art 1 .3 
Social Studies-History 1 .3 
Special Ed.-English-Lang. Arts 1 .3 
Social Studies-Psychology 3 1.6 
Deaf Education-Psychology 1 .5 
Social Studies-Mathematics 1 .3 
Social Studies-Reading 1 .3 
Social Studies-Psychology-Dance 1 .3 
Social Studies-Sociology 1 .3 
Mathematics-Computer Science 1 .3 
Communication Disorders 4 2.1 
Speech Communication 1 .3 
Art-Reading 1 .3 
Early Childhood Education 1 .3 
Child Development 1 .3 
Music 1 .3 
Religion 1 .3 
English-Reading-Language Arts 1 .3 
Total 193 
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Table 8. Frequencies and valid percentages of ISU elementary education 
majors undergraduate status enrolled during the spring 1991 
semester (N-213^) 
Classification Frequency Valid Percent 
Undergraduate 210 98.6 
Undergraduate with 
a degree in science 2 .9 
Undergraduate with 
a degree in business 1 .3 
Total 213 
^Students with undergraduate degrees are not considered graduate 
students until they have been admitted to the ISU Graduate College. 
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Table 9. Frequencies and valid percentages of traditional and 
nontraditional ISU elementary education majors (N-2023) 
Classification Frequency Valid Percent 
Traditonal 166 82.2 
Nontraditional 36 17.8 
Total 202 
%f the 213 respondents, 11 did not identify themselves as either a 
traditional or nontraditional student. 
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Table 10. Frequencies, valid percentages, and cumulative percentages of 
ISU elementary education majors' self-reported level of interest 
in science (N-213) 
Level of Interest Frequency Valid Percent Cumulative Percent 
Very interested 23 10.8 10.8 
Above average interest 35 16.4 27.2 
Average interest 118 55.4 82.6 
Below average interest 33 15.5 98.1 
No interest 4 1.9 100.0 
Total 213 
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Table 11. Frequencies, valid percentages, and cumulative percentages of 
evidences of interest in science by ISU elementary education 
majors with self-reported above average interest in science 
(N-56a) 
Evidence of interest Frequency Valid Percent Cumulative Percent 
Science hobbies or 
identified interests 26 46.4 46.4 
Regular visits to 
science museums, etc. 8 14.3 60,7 
Science fair projects 1 1.8 62.5 
More than the required 
number of college science 
œurses have been taken 8 14.3 76.8 
More than the required 
number of high school 
science courses have been 
taken 3 5.4 82.1 
Undergraduate science 
degree 2 3.6 85.7 
Evidence cited included 
more than one of the above 
evidences 8 14.3 100.0 
Total 56 
aOf the 58 respondents who self-reported above average interest in 
science, 2 did not cite evidence for their above average interest. 
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Table 12. Frequencies, valid percentages, and cumulative percentages of the 
science methods course completion status of ISU elementary 
education majors (N-213) 
Science methods course 
completion status Frequency Valid Percent Cumulative Percent 
Course not taken 116 54.5 54.5 
Currently enrolled 73 34.3 88.7 
Completed at ISU 24 11.3 100.0 
Total 213 
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Table 13. Frequencies, valid percentages, and cumulative percentages of the 
student teaching completion status of ISU elementary education 
majors (N-213) 
Student teaching 
completion status Frequencies Valid Percent Cumulative Percent 
Have not student taught 186 87.3 87.3 
Currently student teaching 23 10.8 98.1 
Completed student teaching 2 1.9 100.0 
Total 213 
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APPENDIX J: HIGH SCHOOL SCIENCE BACKGROUND 
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210 
Table 14. High school science courses completed frequencies, valid 
percentages, and cumulative percentages by science topic area^ of 
ISU elementary education majors enrolled spring 1991 (N-211^) 
Number of Science 
Topic AreasC Frequency Valid Percent Cumulative Percent 
0 20 9.5 9.5 
1 27 12.8 22.3 
2 81 38.4 60.7 
3 57 27.0 87.7 
4 26 12.3 100.0 
Total 211 
^Science topic areas included; biology, physics, chemistry, 
general/physical science, and earth science. 
bOf the 213 respondents, 2 did not indicate high school science courses 
completed. 
^Science topic area mean-2.2: standard deviation-1.1 
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Table 15. High school science credits^ completed frequencies, valid 
percentages, and cumulative percentages by ISU elementary 
education majors enrolled spring 1991 (N-186^) 
Number of High 
School Science Frequency Valid Percent Cumulative Percent 
Credits Completed^ 
1.00 16 8.6 8.6 
1.50 2 1.1 9.7 
2.00 68 36.6 46.2 
2.50 2 1.1 47.3 
3.00 50 26.9 74.2 
3.33 1 .5 74.7 
3.50 3 1.6 76.3 
4.00 37 19.9 96.2 
one credit course was designated as a course that met everyday for 
the entire academic year. 
^Of the 213 respondents. 27 did not report their high school science 
credits. 
^Number of high school science credits completed mean-2.7; standard 
deviation-1.0 
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Table 15. (continued) 
Number of High 
School Science Frequency Valid Percent Cumulative Percent 
Credits Completed® 
5.00 
8.00 
Total 
6 
1 
186 
3.2 
.5 
99.5 
100.0 
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Table 16. High school science courses completed frequencies, grade 
ranges^, mean grades, and grade standard deviations by ISU 
elementary education majors enrolled spring 1991 
Course Completed Frequency Grade Range Mean Grade Standard Deviation 
Biological sciences^ 183 1.00-4.00 3.14 .664 
Physics^ 54 2.00-4.00 3.23 .684 
Chemistry^ 129 2.00-4.00 3.01 .738 
General/Physical® 70 1.00-4.00 3.09 .748 
Earth Science^ 28 2.00-4.00 3.31 .757 
^Grades are based on a 4.00 scale, i. e., A-4.00. 
bN-211 
CN-210 
dN-210 
eN-2I0 
fN-211 
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Table 17. High school science quality points^ frequencies, valid 
percentages, and cumulative percentages by ISU elementary 
education majors enrolled spring 1991 (N-177^) 
High School Science 
Quality Points® Frequency Valid Percent Cumulative Percent 
.50 1 .6 .6 
2.00 2 1.1 1.7 
2.33 2 1.1 2.8 
2.67 1 .6 3.4 
3.00 7 4.0 7.3 
3.32 1 .6 7.9 
3.67 1 .6 8.5 
4.00 11 6.2 14.7 
4.34 1 .6 15.3 
4.67 2 1.1 16.4 
5.00 7 4.0 20.3 
5.17 1 .6 20.9 
5.33 1 .6 21.5 
5.67 1 .6 22.0 
5.68 1 .6 22.6 
6.00 18 10.2 32.8 
6.33 3 1.7 34.5 
6.34 1 .6 35.0 
^High school science quality points were calculated by summing the 
products of the science course grade (based on a 4.00 scale) times the number 
of credits, 
bOue to missing values, high school science quality points could be 
calculated for 177 of the 213 respondents. 
CHigh school quality point mean-8.581: standard deviation-4.114 
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Table 17. (continued) 
High School Science 
Quality Points Frequency Valid Percent Cumulative Percent 
6.50 1 .6 35.6 
6.66 2 1.1 36.7 
6.67 2 1.1 37.9 
6.99 1 .6 38.4 
7.00 11 6.2 44.6 
7.17 1 .6 45.2 
7.33 1 .6 45.8 
7.34 3 1.7 47.5 
7.50 1 .6 48.0 
7.66 1 .6 48.6 
7.67 2 1.1 49.7 
8.00 12 6.8 56.5 
8.33 3 1.7 58.2 
8.34 1 .6 58.8 
8.50 2 1.1 59.9 
8.67 1 .6 60.5 
9.00 4 2.3 62.7 
9.17 1 .6 63.3 
9.33 2 1.1 64.4 
9.34 1 .6 65.0 
10.00 8 4.5 69.5 
10.33 3 1.7 71.2 
10.34 1 .6 71.8 
10.50 1 .6 72.3 
10.67 1 .6 72.9 
11.00 3 1.7 74.6 
11.07 1 .6 75.1 
11.33 1 .6 75.7 
11.34 2 1.1 76.8 
11.66 3 1.7 78.5 
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Table 17. (continued) 
High School Science 
Quality Points Frequency Valid Percent Cumulative Percent 
11.99 1 .6 79.1 
12.00 5 2.8 81.9 
12.21 1 .6 82.5 
12.50 1 .6 83.1 
12.82 1 .6 83.6 
13.00 1.1 84.7 
13.33 1 .6 85.3 
13.66 1 .6 85.9 
13.67 1 .6 86.4 
13.99 1.1 87.6 
14.32 1 .6 88.1 
14.33 1 .6 88.7 
14.34 1 .6 89.3 
14.50 .6 89.8 
14.66 1 .6 90.4 
14.67 1 .6 91.0 
15.00 1.7 92.7 
15.33 .6 93.2 
16.00 4.0 97.2 
18.00 1 .6 97.7 
19.01 1 .6 98.3 
20.00 2 1.1 99.4 
22.98 1 .6 100.0 
Total 177 
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Table 18. Frequencies, valid percentages, and cumulative percentages of ISU 
elementary education majors' high school science grade point 
averages® (N-177b) 
High School 
Science GPA® Frequency Valid Percent Cumulative Percentage 
.33 1 .6 .6 
1.66 1 .6 1.1 
1.75 1 .6 1.7 
1.83 1 .6 2.3 
2.00 13 7.3 9.6 
2.17 1 .6 10.2 
2.25 1 .6 10.8 
2.33 7 4.0 14.7 
2.43 1 .6 15.3 
2.44 1 .6 15.8 
2.45 1 .6 16.4 
2.50 7 4.0 20.3 
2.55 1 .6 20.9 
2.56 2 1.1 22.0 
2.58 2 1.1 23.2 
2.66 1 .6 23.7 
2.67 7 4.0 27.7 
2.75 1 .6 28.2 
%igh school science grade point averages were calculated by dividing 
high school science quality point totals by the number of high school science 
credits completed (based on A-4.00). 
^Due to missing values, it was possible to calculate high school science 
grade point averages for 177 of the 213 respondents, 
^High school science grade point mean-3.07; standard deviation-.635 
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Table 18. (continued) 
High School 
Science CPA Frequency Valid Percent Cumulative Percentage 
2.78 4 2.3 30.5 
2.80 1 .6 31.1 
2.83 2 1.1 32.2 
2.84 1 .6 32.8 
2.87 1 .6 33.3 
2.89 1 .6 33.9 
2.91 3 1.7 35.6 
2.93 1 .6 36.2 
3.00 29 16.4 52.5 
3.05 1 .6 53.1 
3.06 1 .6 53.7 
3.11 2 1.1 54.8 
3.16 3 1.7 56.5 
3.17 1 .6 57.1 
3.25 3 1.7 58.8 
3.33 13 7.4 66.1 
3.40 1 .6 66.7 
3.41 1 .6 67.2 
3.42 1 .6 67.8 
3.44 3 1.7 69.5 
3.50 9 5.1 74.6 
3.56 1 .6 75.1 
3.57 1 .6 75.7 
3.58 4 2.3 78.0 
3.60 1 .6 78.5 
3.63 1 .6 79.1 
3.67 5 2.8 81.9 
3.69 1 .6 82.5 
3.73 1 .6 83.1 
3.75 4 2.3 85.3 
3.78 2 1.1 86.4 
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Table 18. (continued) 
High School 
Science GPA Frequency Valid Percent Cumulative Percentage 
3.80 I .6 87.0 
3.83 1 .6 87.6 
3.85 1 .6 88.1 
4.00 21 11.9 100.0 
Total 177 
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Table 19. College science courses completed frequencies, valid 
percentages, and cumulative percentages by ISU elementary 
education majors enrolled spring 1991 (N-213) 
Number of College 
Science Courses 
Completed^ 
Frequency Valid Percent Cumulative Percent 
0 11 5.2 5.2 
1 38 17.8 23.0 
2 61 28.6 51.6 
3 66 31.0 82.6 
4 19 8.9 91.5 
5 10 4.7 96.2 
6 2 .9 97.2 
7 2 .9 98.1 
8 2 .9 99.1 
11 1 .5 99.5 
15 1 .5 100.0 
Total 213 
^Number of college science courses completed mean-2.592; standard 
deviation-1.742 
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Table 20. College science credits^ completed frequencies, valid 
percentages, and cumulative percentages by ISU elementary 
education majors enrolled spring 1991 (N-202^) 
Number of 
College Science 
Credits Completedc 
Frequency Valid Percent Cumulative Percent 
3.00 31 15.3 15.3 
4.00 7 3.5 18.8 
5.00 7 3.5 22.3 
6.00 33 16.3 38.6 
6j3d 1 .5 39.1 
7.00 11 5.4 44.6 
8.00 24 11.9 56.4 
^Credits are semester hours of credit; 
the 213 respondents, 11 did not report their college science 
credits. 
^Number of college science credits completed mean-8.4: standard 
deviation-4.940 • 
^Credits from a college that uses quarter credits rather than semester 
credits will sometimes result in total credits that are not integers. 
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Table 20. (continued) 
Number of 
College Science Frequency Valid Percent Cumulative Percent 
Credits Completed 
9.00 38 
9.66 1 
10.00 11 
11.00 5 
12.00 11 
13.00 2 
14.00 4 
15.00 2 
16.00 4 
17.00 1 
18.00 1 
21.00 1 
22.00 1 
23.00 1 
24.00 2 
18.8 75.2 
.5 75.7 
5.4 81.2 
2.5 83.7 
5.4 89.1 
1.0 90.1 
2.0 92.1 
1.0 93.1 
2.0 95.0 
.5 95.5 
.5 96.0 
.5 96.5 
.5 97.0 
.5 97.5 
1.0 98.5 
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Table 20. (continued) 
Number of 
GoUege Science Frequency Valid Percent Cumulative Percent 
Credits Completed 
29.00 
29.94 
36.00 
Total 
1 
I 
1 
202 
.5 
.5 
.5 
99.0 
99.5 
100.0 
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Table 21. ISU biological science courses completed frequencies, grade 
ranges* mean grades, and grade standard deviations by ISU 
elementary education majors enrolled spring 1991 (N-213) 
Course Completed Frequency Grade Range Mean Grade Standard Deviation 
Bio 109-Intro. Bio. 110 0.67-4.00 2.32 .777 
Bio 110-Prin. Bio. 13 2.00-4.00 2.80 .601 
Bot 102-Bio. Plants 15 1.00-4.00 2.76 1.000 
Bot 202-Field Bot. 10 2.00-4.00 367 .645 
Bot 207-Gen. Bot. 1 3.00 3.00 -
Zoo 155-Human Phys. 
& Anat. 54 0.67-4.00 2.72 .889 
Zoo 156-Lab 155 11 2.00-4.00 3.06 574 
Zoo 258-Human 
Reproduction 12 2.00-4.00 3.39 .583 
Bnt211- Insects & 
Society 2 3.00-4.00 3.50 .707 
F& N 107-Human 
Nutrition 24 2.00-4.00 3.11 .587 
Ilort 121-Home 
Horticulture 12 2.00-4.00 3.17 .703 
trades are based on a 4.00 scale, i. e., A-4.00. 
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Table 21. (continued) 
Course Completed Frequency Grade Range Mean Grade Standard Deviation 
Hort 221-Principles 
of Horticulture 1 4.00 4.00 -
Other Botany 3 2.33-3.67 3.00 .948 
Other Zoology 3 1.67-4.00 2.67 1.201 
Other Bio-Gen./Misc. 6 2.00-4.00 2.87 .768 
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Table 22. ISU physical science courses completed frequencies, grade 
ranges* mean grades, and grade standard deviations by ISU 
elementary education majors enrolled spring 1991 (N-213) 
Course Completed Frequency Grade Range Mean Grade Standard Deviation 
S & H  1 1 1 - E l .  
Physical Science 12 1.33-4.00 2.67 .876 
Anthro 202-Intro. 14 1.33-4.00 2.79 .792 
Ast 120-Sky & 
Solar System 21 1.00-4.00 3.05 .798 
Ast 150-Stars & 
Galaxies 4 1.33-4.00 2.87 1.194 
Ch 160-Chem. in 
Modern Society 6 1.33-4.00 2.44 .959 
Ch 163-Gen. Chem. I 10 1.33-4.00 2.63 .868 
Ch 164-Gen. Chem II 2 1.33-4.00 2.67 1.888 
Geol 100-Geol. & Man 30 1.00-4.00 2.58 .801 
Geog 202-Phys. Geog. 3 1.33-3.00 2.44 .964 
Mtr 206-Intro. to 
Meteorology 34 2.00-3.67 2.59 536 
^Grades are based on a 4.00 scale, i. e., A-4.00. 
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Table 22. (continued) 
Course Completed Frequency Grade Range Mean Grade Standard Deviation 
Phys 101 -Physics for 
Nonscientlsts 11 1.00-4.00 3.15 1.037 
Phys 106-Physics of 
Common Experience 6 1.00-4.00 2.72 1.144 
Geo! 101-Earth in 
Crisis 7 1.00-3.33 2.57 .854 
Geol 102-Earth History 2 4.00 4.00 .000 
Geol 103-Water Cycle 0 - - -
Other Chemistry 8 1.00-3.00 2.31 .693 
Other Earth Science 0 
Other Physics 3 2.00-3.00 2.44 .510 
Other General/Misc. 3 2.33-333 2.70 .546 
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Table 23. Transfer biological science courses completed8 frequencies, grade 
ranges*), mean grades, and grade standard deviations by ISU 
elementary education majors enrolled spring 1991 (N-78) 
Course Completed Frequency Grade Range Mean Grade Standard Deviation 
Bio 109-Intro. Bio. 12 1.00-4.00. 2.72 .836 
Bio 110-Prin. Bio. 10 2.33-4.00 3.33 .609 
Bot 102-Bio. Plants 2 3.00 3.00 .000 
Bot 202-Field Bot. 1 3.00 3.00 .000 
Bot 207-Gen. Bot. 2 2.00 2.00 .000 
Zoo 135-Human Phys. 
& Anat. 3 2.00-3.00 2.67 .577 
Zoo 156-Lab 155 3 2.00-3.33 2.78 .693 
Zoo 258-Human 
Reproduction 0 - - -
Ent 211- Insects & 
Society 0 - - -
F& N 107-Human 
Nutrition 5 2.00-3.33 2.73 .547 
^Transfer biological science courses accepted as fulfilling ISU 
elementary education requirements. 
^Grades are based on a 4.00 scale, i. e., A-4.00. 
Table 23. (continued) 
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Course Completed Frequency Grade Range Mean Grade Standard Deviation 
Hort 121-Home 
Horticulture 
Hort 221-Principles 
of Horticulture 
Other Botany 
Other Zoology 
Other Bio-Gen./Misc. 
1 2.50 
0 
1 3.60 
4 2.00-3.60 
19 1.00-4.00 
2.50 .000 
3.60 .000 
2.78 .685 
3.09 .821 
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Table 24. Transfer physical science courses completed® frequencies, grade 
ranges*), mean grades, and grade standard deviations by ISU 
elementary education majors enrolled spring 1991 (N-78) 
Course Completed Frequency Grade Range Mean Grade Standard Deviation 
S & H  1 1 1 - E l .  
Physical Science 1 3.00 3.00 .000 
Anthro 202-Intro, 0 - - -
Ast 120-Sky & 
Solar System 1 2.00 2.00 .000 
Ast 150-Stars & 
Galaxies 0 - - -
Ch 160-Chem. in 
Modern Society 1 3.67 3.67 .000 
Ch 163-Gen. Chem. I 4 2.33-4.00 3.08 .688 
Ch 164-Gen. Chem II 1 2.50 2.50 .000 
Geol 100-Geol. & Man 2 3.00-4.00 3.50 .707 
Geog 202-Phys. Geog. 2 3.00-4.00 3.50 .707 
^Transfer physical science courses accepted as fulfilling ISU elementary 
education requirements. 
^Grades are based on a 4.00 scale, i. e., A-4.00. 
Table 24. (continued) 
Course Completed Frequency Grade Range Mean Grade Standard Deviation 
Mtr 206-Intro. to 
Meteorology 0 - - -
Phys 101 -Physics for 
Nonscientists 0 - - -
Phys 106-Physics of 
Common Experience 3 2.00-3.00 2.67 .577 
Geol 101-Earthin 
Crisis 2 2.00-4.00 3.00 1.414 
Geol 102-Earth History 0 - - -
Geol 103-Water Cycle 0 - - -
Other Chemistry 6 2.00-4.00 2.92 ,917 
Other Earth Science 3 2.00-2.67 2.39 .348 
Other Physics 4 2.00-4.00 2.63 .946 
Other General/Misc. 6 2.67-4.00 3.27 .547 
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Table 23. Frequencies and credits of currently enrolled ISU biological science 
courses by ISU elementary education majors enrolled spring 1991 
(N-213) 
Currently Enrolled Frequency Credits 
Bio 109-Intro. Bio, 8 3 
Bio llO-Prin, Bio, 2 3 
Bot 102-Bio, Plants 1 2 
Bot 202-Field Bot. 1 2 
Bot 207-Gen. Bot, 0 
Zoo 155-Human Phys, 
& Anat, 4 3 
Zoo 156-Lab 155 1 2 
Zoo 258-Human 
Reproduction 0 
Ent 211 - Insects & 
Society 0 
F & N  1 0 7 - H u m a n  
Nutrition 4 3 
Hort 121-Home 
Horticulture 3 2 
Hort 221-Principles 
of Horticulture 1 3 
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Table 25. (continued) 
Currently Enrolled Frequency Credits 
Other Botany 
Other Zoology 
Other Bio-Cîen./Misc, 
0 
1 
2 
5 
3 
235 
Table 26. Frequencies and credits of currently enrolled ISU physical science 
courses by ISU elementary education majors enrolled spring 1991 
(N-213) 
Currently Enrolled Frequency Credits 
S & H  1 1 1 - E l .  
Physical Science 3 3 
Anthro 202-Intro. 1 3 
Ast 120-Sky& 
Solar System 5 3 
Ast 150-Stars & 
Galaxies 0 
Ch 160-Chem. in 
Modern Society 1 3 
Ch 163-Gen. Chem. I 0 
Ch 164-Gen. Chem II 0 
Geol 100-Geol. & Man 6 3 
^Two students are taking this course for 2 credits. 
^Nine students are taking this course for 3 credits. 
cThis is a preparation for chemistry course that does not carry college 
credit. 
236 
Table 26. (continued) 
Currently Enrolled Frequency Credits 
Geog 202-Phys. Geog. 2 3 
Mtr 206-Intro. to 
Meteorology 11 2^ 
3b 
Phys 101-Physicsfor 
Nonscientists 1 3 
Phys 106-Physics of 
Common Experience 0 
Geol iOl-Earth in 0 
Crisis 
Geol 102-Earth History 1 3 
(3eol 103-Water Cycle 0 
Other Chemistry 1 0® 
Other Earth Science 1 2 
Other Physics 0 
Other (}eneral/Misc. 0 
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Table 27. College science quality points® frequencies, valid 
percentages, and cumulative percentages by ISU elementary 
education majors enrolled spring 1991 (N-199t>) 
College Science 
Quality Points^ Frequency Valid Percent Cumulative Percent 
3.00 1 .5 .5 
4.00 2 1.0 1.5 
5.01 5 2.5 4.0 
5.34 1 .5 4.5 
6.00 12 6.0 10.6 
6.99 3 1.5 12.1 
7.50 1 .5 12.6 
7.98 1 .5 13.1 
8.01 4 2.0 15.1 
9.00 3 1.5 16.6 
9.32 1 .5 17.1 
9.99 1 17.6 
10.00 2 1.0 18.6 
10.68 1 19.1 
10.98 1 19.6 
11.01 1 20.1 
11.32 1 20.6 
11.65 1 21.1 
College science quality points were calculated by summing the 
products of the science course grade (based on a 4.00 scale) times the number 
of credits. 
^Due to missing values, it was possible to calculate college science 
quality points for 199 of the 213 respondents. 
^College science qulaity points mean-23.23: standard deviation-17.40 
Table 27. (continued) 
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College Science 
Quality Points Frequency Valid Percent Cumulative Percent 
12.00 11 5.5 26.6 
12.99 2 1.0 27.6 
13.00 1 .5 28.1 
13.02 1 .5 28.6 
13.98 1 .5 29.1 
14.00 1 .5 29.6 
14.01 2 1.0 30.7 
14.99 1 .5 31.2 
15.00 5 2.5 33.7 
15.99 3 1.5 35.2 
16.00 3 1.5 36.7 
16.50 1 .5 37.2 
16.64 1 .5 37.7 
16.98 2 1.0 38.7 
16.99 1 .5 39.2 
17.01 3 1.5 40.7 
17.67 2 1.0 41.7 
18.00 10 5.0 46.7 
18.66 1 .5 47.2 
18.99 1 .5 47.7 
19.00 2 1.0 48.7 
19.02 1 .5 49.2 
19.32 1 .5 49.7 
19.99 1 .5 50.3 
20.00 2 1.0 51.3 
20.01 2 1.0 52.3 
20.02 1 .5 52.8 
20.97 1 .5 53.3 
21.00 4 2.0 55.3 
21.81 1 .5 55.8 
21.99 3 1.5 57.3 
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Table 27. (continued) 
College Science 
Quality Points Frequency Valid Percent Cumulative Percent 
22.00 .5 57.8 
22.01 .5 58.3 
22.31 .5 58.8 
22.34 1.0 59.8 
22.66 .5 60.3 
23.00 .5 60.8 
23.01 2.5 63.3 
23.49 .5 63.8 
23.97 .5 64.3 
23.99 .5 64.8 
24.00 3.0 67.8 
24.03 .5 68.3 
24.65 .5 68.8 
24.99 .5 69.3 
25.00 .5 69.8 
25.32 .5 70.4 
25.34 .5 70.9 
25.69 .5 71.4 
25.98 .5 71.9 
25.99 .5 72.4 
26.00 .5 72.9 
26.01 .5 73.4 
27.99 1.0 74.4 
28.67 .5 74.9 
29.00 .5 75.4 
29.01 .5 75.9 
29.97 
.5 76.4 
30.01 .5 76.9 
30.02 .5 77.4 
30.64 .5 77.9 
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Table 27. (continued) 
College Science 
Quality Points Frequency Valid Percent Cumulative Percent 
30.99 1 .5 78.4 
32.00 4 2.0 80.4 
32.01 1 .5 80.9 
32.34 1 .5 81.4 
33.00 2 1.0 82.4 
33.33 1 .5 82.9 
34.98 1 .5 83.4 
35.01 1 .5 83.9 
35.67 1 .5 84.4 
36.00 4 2.0 86.4 
36.33 1 .5 86.9 
36.96 1 .5 87.4 
36.99 1 .5 87.9 
38.64 1 .5 88.4 
39.18 1 .5 88.9 
40.00 2 1.0 89.9 
40.08 1 .5 90.5 
42.00 1 .5 91.0 
42.99 1 .5 91.5 
43.64 1 .5 92.0 
44.00 2 1.0 93.0 
45.00 2 1.0 94.0 
48.37 1 .5 94.5 
48.67 1 .5 95.0 
50.97 1 .5 95.5 
53.01 1 .5 96.0 
55.32 1 .5 96.5 
75.00 1 .5 97.0 
83.35 1 .5 97.5 
83.99 1 .5 98.0 
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Table 27. (continued) 
College Science 
Quality Points Frequency Valid Percent Cumulative Percent 
87.00 1 .5 98.5 
90.66 1 .5 99.0 
109.78 1 .5 99.5 
112.99 1 .5 100.0 
Total 199 
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Table 28. Frequencies, valid percentages, and cumulative percentages of ISU 
elementary education majors' college science grade point 
averages^ (N-199^) 
College Science 
GPAC Frequency Valid Percent Cumulative Percentage 
.84 1 .5 .5 
1.00 3 1.5 2.0 
1.33 I .5 2.5 
1.50 1 .5 3.0 
1.62 3 1.5 4.5 
1.67 6 3.0 7.5 
1.68 1 .5 8.0 
1.70 1 .5 8.5 
1.71 1 .5 9.0 
1.78 1 .5 9.5 
1.83 2 1.0 10.6 
1.87 1 .5 11.1 
1.89 3 1.5 12.6 
2.00 25 12.6 25.1 
2.05 I .5 25.6 
2.08 1 .5 26.1 
2.11 2 1.0 27.1 
2.14 1 .5 27.6 
^College science grade point averages were calculated by dividing 
college science quality point totals by the number of college science credits 
completed (based on A-4.00). 
^Due to missing values, it was possible to calculate college science 
grade point averages for 199 of the 213 respondents. 
<K]ollege science grade point mean-2.62: standard deviation-.693 
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Table 28. (continued) 
College Science 
GPA Frequency Valid Percent Cumulative Percentage 
2.16 2 1.0 28.6 
2.17 1 .5 29.1 
2.21 1 .5 29.6 
2.22 1 .5 30.2 
2.23 1 .5 30.7 
2.25 1 .5 31.2 
2.29 2 1.0 32.2 
2.30 1 .5 32.7 
2.31 1 .5 33.2 
2.33 12 6.0 39.2 
2.36 1 .5 39.7 
2.38 1 .5 40.2 
2,40 2 1.0 41.2 
2.41 1 .5 41.7 
2.42 1 .5 42.2 
2.44 4 2.0 44.2 
2.46 1 
.5 44.7 
2.50 9 4.5 49.2 
2.52 2 1.0 50.3 
2.53 1 .5 50.8 
2.56 4 2.0 52.8 
2.57 1 .5 53.3 
2.60 1 .5 53.8 
2.61 1 .5 54.3 
2.66 3 1.5 55.8 
2.67 9 4.5 60.3 
2.71 I .5 60.8 
2.75 3 1.5 62.3 
2.79 2 1.0 63.3 
2.81 1 .5 63.8 
2.83 2 1.0 64.8 
2.85 1 .5 65.3 
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Table 28. (continued) 
College Science 
CPA Frequency Valid Percent Cumulative Percentage 
2.89 1 .5 65.8 
2.91 .5 66.3 
2.92 1 .5 66.8 
2.94 1.0 67.8 
3.00 14 7.0 74.9 
3.03 1 .5 75.4 
3.04 1 .5 75.9 
3.12 1 .5 76.4 
3.13 1 .5 76.9 
3.14 I .5 77.4 
3.19 1 .5 77.9 
3.22 .5 78.4 
3.24 1 .5 78.9 
3.30 1 .5 79.4 
3.33 2.0 81.4 
3.34 1 .5 81.9 
3.36 1 .5 82.4 
3.38 1 .5 82.9 
3.40 1 .5 83.4 
3.44 1 .5 83.9 
3.47 1 .5 84.4 
3.50 3 1.5 85.9 
3.56 2 1.0 86.9 
3.57 2 1.0 87.9 
3.58 1 .5 88.4 
3.60 I .5 88.9 
3.62 1 .5 89.4 
3.63 2 1.0 90.5 
3.65 1 .5 91.0 
3.67 3 1.5 92.5 
3.69 1 .5 93.0 
3.73 1 .5 93.5 
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Table 28. (continued) 
College Science 
CPA Frequency Valid Percent Cumulative Percentage 
3.75 2 1.0 94.5 
3.83 1 .5 95.0 
4.00 10 5.0 100.0 
Total 199 
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Table 30. Frequency, valid percentages, and cumulative percentages of 
ISU elementary education majors comfort/discomfort attitude 
subscale scores^ (N-213) 
Score*) Frequency Valid Percent Cumulative Percent 
15 1 .5 .5 
17 2 .9 1.4 
18 1 .5 1.9 
19 3 1.4 3.3 
20 5 2.3 5.6 
21 5 2.3 8.0 
22 3 1.4 9.4 
23 10 4.7 14.1 
24 9 4.2 18.3 
25 4 1.9 20.2 
26 13 6.1 26.3 
27 12 5.6 31.9 
28 10 4.7 36.6 
29 17 8.0 44.6 
30 15 7.0 516 
31 10 4.7 56.3 
32 17 8.0 64.3 
33 11 5.2 69.5 
34 11 5.2 74.6 
35 16 7.5 82.2 
36 8 3.8 85.9 
®The most positive comfort/discomfort subscale score is 45. 
^Mean score-30.3; standard deviation-5.956 
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Table 30. (continued) 
Scored Frequency Valid Percent Cumulative Percent 
37 6 2.8 88.7 
38 7 3.3 92.0 
39 3 1.4 93.4 
41 7 3.3 96.7 
42 2 .9 97.7 
43 3 1.4 99.1 
44 1 .5 99.5 
45 1 .5 100.0 
Total 100 
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Table 31. Frequency, valid percentages, and cumulative percentages of 
ISU elementary education majors need subscale scores^ 
(N-213) 
Scoreb Frequency Valid Percent Cumulative Percent 
12 1 .5 .5 
14 1 .5 .9 
15 5 2.3 3.3 
16 5 2.3 5.6 
17 17 8.0 13.6 
18 23 10.8 24.4 
19 34 16.0 40.4 
20 32 15.0 55.4 
21 42 19.7 75.1 
22 23 10.8 85.9 
23 17 8.0 93.9 
24 11 5.2 99.1 
25 2 .9 100.0 
®The most positive need subscale score is 25. 
^Mean score-20.0; standard deviation-2.275 
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Table 32. Frequency, valid percentages, and cumulative percentages of 
ISU elementary education majors equipment sub scale scores^ 
(N-213) 
Scored Frequency Valid Percent Cumulative Percent 
9 2 .9 .9 
10 1 .5 1.4 
11 2 .9 2.3 
12 2 .9 3.3 
13 7 3.3 6.6 
14 15 7.0 13.6 
15 10 4.7 18.3 
16 22 10.3 28.6 
17 27 12.7 41.3 
18 22 10.3 51.6 
19 30 14.1 65.7 
20 32 15.0 80.8 
21 19 8.9 89.7 
22 8 3.8 93.4 
23 5 2.3 95.8 
24 7 3.3 99.1 
25 2 .9 100.0 
Total 213 
BThe most positive equipment subscale score is 23. 
^Mean score-18.1: standard deviation-3.030 
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Table 33. Frequency, valid percentages, and cumulative percentages of 
ISU elementary education majors science time subscale scores* 
(N.213) 
Scored Frequency Valid Percent Cumulative Percent 
8 1 .5 .5 
9 7 3.3 3.8 
10 20 9.4 13.1 
11 21 9.9 23.0 
12 85 39.9 62.9 
13 36 16.9 79.8 
H 26 12.2 92.0 
15 17 8.0 100.0 
Total 213 
BThe most positive time subscale score is 13. 
^Mean score-12.2; standard deviation-1.473 
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Table 37. Frequencies, valid percentages, and cumulative percentages of 
ISU elementary education majors' earth science concept map one 
scores (N-59) 
Scored Frequency Valid Percent Cumulative Percent 
0 23 
1 1 
6 12 
7 9 
8 2 
9 2 
12 4 
13 1 
14 1 
17 1 
19 . 1 
22 1 
36 1 
Total 59 
39.0 39.0 
1.7 40.7 
20.3 61.0 
15.3 76.3 
3.4 79.7 
3.4 83.1 
1.7 89.8 
1.7 91.5 
1.7 93.2 
1.7 94.9 
96.6 
98.3 
100.0 
^Earth science concept map one mean score-6.0; standard 
deviation-7.090 
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Table 38. Frequencies, valid percentages, and cumulative percentages of 
ISU elementary education majors' earth science concept map two 
scores (N-59) 
Score® Frequency Valid Percent Cumulative Percent 
0 4 
6 4 
7 9 
8 2 
9 1 
12 1 
13 6 
14 5 
15 7 
16 6 
19 . 3 
20 2 
21 2 
24 2 
25 2 
30 1 
34 1 
38 1 
Total 59 
6.8 6.8 
6.8 13.6 
15.3 28.8 
3.4 32.2 
1.7 33.9 
1.7 35.6 
10.2 45.8 
8.5 54.2 
11.9 66.1 
10.2 76.3 
5.1 81.4 
3.4 84.7 
3.4 88.1 
3.4 91.5 
3.4 94.9 
1.7 96.6 
1.7 98.3 
1.7 100.0 
^Earth science concept map two mean score-13.8; standard 
deviation-7.807 
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Table 39. Frequencies, valid percentages, and cumulative percentages of 
ISU elementary education majors' life science concept map one 
scores (N-60) 
Score* Frequency Valid Percent Cumulative Percent 
0 6 
6 6 
7 9 
8 4 
9 3 
10 1 
12 4 
13 6 
14 2 
15 2 
16 . 4 
17 3 
18 1 
20 1 
23 
25 1 
27 1 
30 1 
38 1 
46 1 
52 1 
Total 60 
10.0 10.0 
10.0 20.0 
15.0 35.0 
6.7 41.7 
5.0 46.7 
1.7 48.3 
6.7 55.0 
10.0 65.0 
3.3 68.3 
3.3 71.7 
6.7 78.3 
5.0 83.3 
1.7 850 
1.7 86.7 
3.3 90.0 
1.7 91.7 
1.7 93.3 
1.7 95.0 
1.7 96.7 
1.7 98.3 
1.7 100.0 
^Life science concept map one mean score-12.8; standard 
deviation-10.104 
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Table 40. Frequencies, valid percentages, and cumulative percentages of 
ISU elementary education majors' life science concept map two 
scores (N-60) 
Score® Frequency Valid Percent Cumulative Percent 
0 16 
6 8 
7 10 
8 1 
9 1 
11 1 
12 3 
13 4 
14 2 
15 1 
16 . 1 
17 1 
19 3 
24 3 
25 1 
26 3 
35 1 
Total 60 
26.7 26.7 
13.3 40.0 
16.7 56.7 
1.7 58.3 
1.7 60.0 
1.7 61.7 
5.0 66.7 
6.7 73.3 
3.3 76.7 
1.7 78.3 
1.7 80.0 
1.7 81.7 
5.0 86.7 
5.0 91.7 
1.7 93.3 
5.0 98.3 
1.7 100.0 
®Life science concept map two mean score-6.0: standard 
deviation-8.689 
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Table 41. Frequencies, valid percentages, and cumulative percentages of 
ISU elementary education majors' physical science concept map one 
scores (N-59) 
Score® Frequency Valid Percent Cumulative Percent 
0 9 15.3 15.3 
8 12 20.3 35.6 
9 4 6.8 42.4 
10 2 3.4 45.8 
11 4 6.8 52.5 
12 1 1.7 54.2 
13 3 5.1 59.3 
14 3 5.1 64.4 
15 3 5.1 69.5 
16 3 5.1 74.6 
17 4 6.8 81.4 
18 4 6.8 88.1 
19 1 1.7 89.8 
20 1 1.7 91.5 
23 1 1.7 93.2 
25 1 1.7 94.9 
31 2 3.4 98.3 
40 1 1.7 100.0 
Total 59 
^Physical science concept map one mean score-12.1; standard 
deviation-8.072 
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Table 42. Frequencies, valid percentages, and cumulative percentages of 
ISU elementary education majors' physical science concept map two 
scores (N-58) 
Score® Frequency Valid Percent Cumulative Percent 
0 17 
6 16 
7 5 
8 1 
9 1 ' 
12 6 
13 4 
14 2 
17 2 
19 1 
22 2 
36 1 
Total 58 
29.3 29.3 
27.6 56.9 
8.6 65.5 
1.7 67.2 
1.7 69.0 
10.3 79.3 
6.9 86.2 
3.4 89.7 
3.4 93.1 
1.7 94.8 
3.4 98.3 
1.7 100.0 
^Physical science concept map two mean score-7.5: standard 
deviation-7.094 
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APPENDIX N: RELATIONSHIPS BETWEEN SCIENCE 
COURSE BACKGROUND VARIABLES AND 
MISCONCEPTIONS 
Table 48. Relationships of science course background and achievement with earth science 
concept map scores and number of earth science misconceptions illustrated 
ESI Score NESIM ES2 Score NES2Ma 
Number of High School Science Courses .0959 0579 .1494 
Number of High School Science Credits .1664 -.0226 .2315 
High School Science Quality Points .2544 .0278 .2360 
High School Science Grade Point Average .0770 .2145 .0170 
Number of College Science Courses .3483** 0521 .2232 
Number of College Science Credits .5021'** -1459 .3615** 
College Science Quality Points .5432*** -.1883 .4080** 
College Science Grade Point Average .2462 -.1227 .3537** 
* p<.05 "p<.01 **'p<.001 ^Concept maps did not address this misconception. 
Table 49. Relationships of science course background and achievement with life science concept 
map scores and number of life science misconceptions illustrated 
LSI Score NLSIM LS2 Score NLS2M 
Number of High School Science Courses .2142 -.2255 .1892 -.2677 
Number of High School Science Credits .2678* -.1921 .2285 -.2089 
High School Science Quality Points .3751'* -.2696 .2663 -.1489 
High School Science Grade Point Average .2877* -.2707 .0685 0879 
Number of College Science Courses .1056 -.2069 .2226 -.0893 
Number of College Science Credits .2963* -2921* .3450** -.1223 
College Science Quality Points .4051** -.3274* .3936** -.2093 
College Science Grade Point Average .4035** -3138* 2650* -.3197 
• p<.05 "p<.01 »"p<.001 
Table 50. Relationships of science course background and achievement with physical science 
concept map scores and number of physical science misconceptions illustrated 
PSl Score NPSIM PS2 Score NPS2M 
Number of High School Science Courses 4021** -.0522 .3822** -3427* 
Number of High School Science Credits .3980** -.0808 2969* -.0738 
High School Science Quality Points .4530** -.1524 .4310** -.1321 
High School Science Grade Point Average .2625 -.1478 .3775** -2373 
Number of College Science Courses .3478** -.2937* .3729** -.0314 
Number of College Science Credits .4908*** -.3152* .4332** -.1154 
CoUège Science Quality Points .6070*** -.3959** .5278*** -2500 
College Science Grade Point Average .6008*** -.3601** .4118** -.4028** 
' p<.05 "p<.01 »"p<.001 
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January 14, 1991 
Kenneth W. Thompson 
Elementary Education Department 
Iowa State University 
N016 Lagomarcino 
Ames, lA 50011 
Dear Mr. Thompson: 
Thanks for your very detailed letter concerning your proposal to use the 
Science Reasoning Test that appears in our ACT Assessment practice test 
booklet as part of the research for your dissertation. 
I am glad to report that we can grant you permission to use this test 
according to the guidelines outlined in your letter. Please be sure to 
include in an appropriate place in the finished dissertation a statement 
that you used ACT materials with permission. 
I have enclosed 100 copies of the practice test. If you need more, please 
write or call. We would appreciate receiving a copy of the finished 
dissertation for our files. Best wishes for the success of your project. 
Sincerely, 
Patricia A. Farrant, PhD 
Assistant Vice President 
Public Affairs 
/dvh 
Enclosures 
2201 North Dodge Street, P.O. Box 168 
Iowa City, Iowa 52243 
(319) 337-1000" 
